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EXECUTIVE  SUMMARY 

BACKGROUND 

The  two  main  objectives  of  the  study  are: 

1 .  Improvement  of  the  water  treatment  plant  performance  to  meet  the  Ontario  Drinking 
Water  Objectives  (ODWO)  THM  guideline  of  100  ug/L  as  an  annual  quarterly  average 
without  compromising  disinfection,  to  aim  for  a  filter  effluent  turbidity  of  0. 1  NTU, 
and  to  meet  the  aluminum  operational  ODWO  guideline  of  100  ug/L. 

2.  Sustaining  long  term  performance  through  skills  transfer  to  plant  operating  staff  and 
recommendations  for  plant  upgrades  where  required. 

The  optimization  study  was  funded  by  the  Ontario  Ministry  of  Environment  and  Energy  (MOEE),  and 
is  a  cooperative  public/private  project  between  the  MOEE  and  RAL  Engineering  Ltd.  By  optimizing 
the  performance  of  their  existing  facilities,  municipalities  should  be  capable  of  producing  water  that 
meets  the  ODWO  for  THM  and  also  be  capable  of  improved  particle  removal  and  lower  aluminum 
residuals,  without  requiring  costly  upgrades. 

Trihalomethanes  (THMs)  are  by-products  created  when  the  chlorine  used  in  the  disinfection  process 
reacts  with  naturally  occurring  organics.  Trihalomethanes  are  suspected  of  increasing  the  risk  of  cancer 
following  long  term  exposure.  The  Ontario  government  has  lowered  the  guideline  from  a  maximum 
acceptable  concentration  of  350  ug/L,  measured  as  a  single  occurrence,  to  an  interim  maximum 
acceptable  concentration  of  100  ug/L  based  on  a  running  annual  average  of  four  quarterly  samples. 

The  associated  treatment  parameters  of  turbidity  and  aluminum  residual  were  also  subject  of  the 
optimization  effort.  The  ODWO  for  turbidity  is  1  NTU,  but  current  research  now  indicates  that  a  filter 
effluent  turbidity  of  0. 1  NTU  is  needed  to  provide  protection  from  Cryptosporidium.  To  reduce 
potential  for  disease  outbreaks,  this  study  will  evaluate  the  feasibility  of  obtaining  a  turbidity  of  0. 1 
NTU  in  the  filter  effluent.  The  ODWO  operational  guideline  (not  health  related)  for  aluminum  in 
drinking  water  is  100  ug  /L. 

The  optimization  of  a  water  treatment  plant  consists  of  evaluating  the  existing  treatment  units, 
conducting  laboratory  testing  to  determine  the  best  choice  and  dosage  of  the  treatment  chemicals,  and 
implementing  changes  to  the  plant  operation. 

EXISTING  CONDITIONS 

The  Kenora  Water  Treatment  Plant  was  put  in  operation  in  1979,  and  serves  the  communities  of 
Kenora,  Keewatin  and  Jaffray  Melick  Township  representing  a  population  of  13,500.  The  raw  water 
source  is  the  Lake  of  the  Woods.  The  plant  is  a  'conventional'  configuration  using  a  rapid  mix 
chamber,  two  upflow  solids  contact  type  clarifiers  with  integral  flocculation  zones  and  four  rapid 
gravity  sand  and  anthracite  filters.  The  plant  uses  alum,  polymer,  soda  ash,  chlorine  and  fluoride  in  the 
treatment  process.  There  is  a  2,275  m3  clearwell  under  the  treatment  area.   System  storage  consists  of: 


a  4,550  m3  standpipe  in  Kenora  Zone  1,  a  4,550  m5  standpipe  in  Keewatin,  and  a  6,820  m5  tank  in 
Kenora  Zone  2/Jaffray  Melick. 

A  summary  of  historical  data  for  1994  and  1995  is  presented  as  follows: 


Parameters 

Raw  Water 

Treated  Water 

Colour       (TCU) 

24 

4.3 

Turbidity     (NTU) 

1.4 

0.06 

Alkalinity   (mg/L-CaC03) 

51 

51 

pH 

7.5 

7.2 

Aluminum  (ug/L) 

44 

39.4 

Trihalomethanes  (ug/L) 

- 

125 

Plant  flows  are: 


Average  day 
Maximum  daily  flow 
Design  capacity 


7,840  m7d 
13,800  m3/d 
26,000  m3/d 


PERFORMANCE  ASSESSMENT 

The  plant  staff  reported  significant  problems  with  taste  and  odour  especially  in  the  spring  when  the  pre- 
chlorine  residual  falls  too  low.  Consequently,  they  maintain  a  'healthy1  pre-chlorine  dosage  to  oxidize 
any  odour  compounds.  This  results  in  THM  formation  well  in  excess  of  the  ODWO  guideline.  Plant 
staff  speculated  that  the  source  of  odour  may  be  the  sludge  in  the  clarifier  and  that  the  high  pre-chlorine 
residual  is  necessary  to  keep  the  sludge  from  turning  septic.  However,  the  high  chemical  content  of  the 
sludge  and  the  highly  oxygenated  water  would  not  normally  lead  to  this  type  of  problem.  Since  the 
taste  and  odour  occurances  are  in  the  spring  and  fall  it  may  be  related  to  lake  turnover  and/or  algae. 


OFF-SITE  AND  ON-SITE  TESTING 

The  current  chemicals  and  dosages  in  use  in  the  plant  can  effectively  produce  a  treated  water  in 
compliance  with  the  ODWO.  Polyaluminum  chloride  was  tested  at  laboratory  scale  and  produced  a 
floe  that  settled  more  quickly  and  more  compactly  than  alum.  Changing  the  primary  coagulant  did  not 
have  a  significant  effect  on  the  trihalomethane  levels  in  the  finished  water.  However,  the  use  of  PACL 
may  generate  other  beneficial  effects  such  as  the  elimination  of  pre-treatment  alkalinity  adjustment  and 
longer  filter  runs  due  to  the  production  of  a  heavier,  more  compact  floe. 

A  coagulant  aid  is  necessary  in  the  treatment  of  this  raw  water  to  produce  a  floe  that  settles  quickly  and 
efficiently.  The  type  of  coagulant  aid  depends  on  the  primary  coagulant  selected.  The  coagulant  aid 
currently  in  use  was  identified  as  the  most  appropriate  based  on  the  limited  number  of  coagulant  aids 
examined. 


Trihalomethanes  in  the  treated  water  can  be  reduced  to  acceptable  levels  by  discontinuing  the  practice 
of  pre-chlorination.  In  the  event  that  taste  and  odour  problems  reoccur,  other  solutions  such  as 
chloramination  may  be  investigated. 

Dissolved  oxygen  analysis  for  the  sludge  in  the  clarifier  was  performed  during  the  last  plant  visit  in 
November,  1996.  The  results  show  that  the  oxygen  content  in  the  sludge  is  almost  as  high  as  the 
dissolved  oxygen  in  the  clarifier.  Odour  caused  by  the  sludge  going  septic  is  not  expected  to  occur. 

CONCLUSIONS 

Based  on  July  and  August  1996  sampling,  the  average  THM  values  for  the  treated  water  and  the 
distribution  system  is  164  ug/L  and  133  ug/L  respectively.  The  results  are  not  in  compliance  with  the 
ODWO  of  100  ug/L  for  THMs  in  treated  water.  Follow-up  sampling  of  the  water  was  performed  in 
November  1996,  to  evaluate  the  impact  of  stopping  pre-chlorination  versus  THM  formation.  The 
results  show  that  THM  for  samples  in  the  distribution  system  ranged  from  3 1  to  33  ug/L,  which  is  well 
below  the  ODWO  guideline. 

By  stopping  pre-chlorination,  there  is  an  operational  saving  in  the  reduced  chlorine  consumption.  The 
extent  of  this  saving  will  be  determined  from  operating  experience  but  could  amount  to  a  25% 
reduction  in  chlorine  consumption. 

The  inactivation  of  giardia  cysts  during  cold  water  can  not  be  achieved  under  existing  operational 
conditions.  A  free  chlorine  residual  (3  mg/L)  would  be  required  during  the  winter  and  early  spring 
under  the  actual  condition,  where  the  plant  is  operated  approximately  1 8  hours  per  day.  Such  a 
high  chlorine  residual  could  generate  many  complaints  from  the  community  related  to  chlorine 
taste  and  odour.  A  high  chlorine  dosage  can  also  produce  THM  in  excess  of  the  ODWO  of  100 
Ug/L. 

If  the  injection  point  of  the  soda  ash  is  relocated  to  the  high  lift  end  of  the  clearwell  and  the  plant 
is  operated  24  hours  per  day  during  the  winter,  the  free  chlorine  residual  required  would  be  lower 
(1.3  mg/L).  It  is  therefore  recommended  to  relocate  the  soda  ash  injection  point  and  to  increase 
the  hours  of  operation  to  a  full  day  during  the  winter.  However,  the  chlorine  residual  required  is 
still  high  and  can  present  a  risk  for  taste  and  odour  problem,  as  well  as  the  possibility  to  form  high 
levels  of  THM.  To  minimize  these  effects,  it  is  recommended  to  add  baffles  in  the  clearwell  to 
increase  the  contact  time  and  to  maintain  a  reasonable  level  of  free  chlorine  in  the  treated  water 
(0.7  mg/L). 

The  summer  sampling  showed  an  average  turbidity  in  the  raw  water  of  1.13  NTU,  and  an  average 
turbidity  in  the  treated  water  as  0.05  NTU  Disease  outbreaks  caused  by  giardia  and  Cryptosporidium 
have  been  reported  with  increased  frequency  over  the  last  decade  in  Canada.  These  protozoan  parasites 
(especially  Cryptosporidium)  are  more  difficult  to  kill  with  disinfectants,  and  therefore  their  removal  by 
physical  processes  is  vital  Current  US  research  and  experience  now  indicate  that  a  turbidity  of  0.1 
NTU  in  a  filter  effluent  is  needed  to  provide  protection  from  Cryptosporidium.  The  Kenora  plant  is 
performing  well  for  turbidity  removal. 


Based  on  historical  data  for  1994  and  1995,  the  aluminum  residual  in  the  treated  water  ranges  from  26 
to  65  ug/L,  which  is  lower  than  the  ODWO  of  100  ug/L 

RECOMMENDATIONS  FOR  PLANT  SCALE  MODIFICATIONS 

The  Kenora  Water  Treatment  Plant  is  well  operated  and  maintained.  The  process  modifications 
recommended  relate  to  stopping  pre-chlorination,  relocating  the  soda  ash  injection  point  at  the  high 
lift  end  of  the  clearwell,  adding  baffles  to  the  clearwell  and  extending  the  operation  of  the  plant  to  a 
full  day  during  the  winter  to  lower  the  required  free  chlorine  residual  for  inactivation  of  giardia  cysts. 

A  trial  period  of  no  pre-chlorination  began  in  October,  1996,  and  will  be  continued  until  a  problem 
appears  that  would  indicate  a  pre-oxidant  is  required. 

If  taste  and  odour  problems  re-appear  there  are  several  possible  options.  These  are: 

•  Pre-chlorine  addition  can  be  done  on  a  short  term  basis  during  the  most  critical  period. 

•  Use  of  an  alternate  pre-oxidant  such  as  potassium  permanganate  or  chlorine  dioxide. 

•  Use  of  free  pre-chlorine  in  combination  with  post-chloramination.  This  would  require  the 
addition  of  ammonia  to  the  water  at  the  high  lift  pumps. 

The  Kenora  plant  is  achieving  the  present  study  objective  with  a  plant  effluent  turbidity  of  0.1  NTU  or 
less  to  provide  protection  against  cysts  and  oocysts  such  as  giardia  and  Cryptosporidium.  Although  the 
plant  and  staff  have  demonstrated  the  ability  to  achieve  this  low  turbidity,  there  has  been  a  difficulty  in 
maintaining  this  high  level  of  treatment.  This  is  likely  due  to  the  frequent  starts  and  stops  the  plant 
experiences.  The  location  of  the  standpipes  and  the  relatively  small  size  of  the  clearwell  does  not 
currently  take  best  advantage  of  this  storage.  It  is  therefore  recommended  that  a  new  control  system  be 
installed  that  will  allow  the  effective  use  of  the  equalization  of  all  three  standpipes. 

The  required  control  wire  connections  are  all  in  place,  therefore  this  up-grade  would  only  require  a 
basic  Programmable  Logic  Controller  (PLC)  with  the  necessary  programming  and  rewiring  in  the 
plant.  The  plant  superintendent  indicated  there  was  consideration  being  given  to  a  complete  plant 
instrumentation  and  control  up-grade  which  could  then  include  this  function. 

One  option  available  to  help  minimize  the  deterioration  of  the  treated  water  quality  due  to  frequent 
plant  starts  and  stops,  is  to  investigate  the  possibility  of  running  filter  to  waste  at  start-up,  thus 
minimizing  plant  upsets.  Monitoring  of  the  filtered  water  turbidity  would  help  determine  if  the  filter  to 
waste  practice  is  desirable. 


COST  ESTIMATE  FOR  IMPLEMENTATION 

The  cost  estimate  for  the  installation  of  baffles  in  the  clearwell  is  $  8,000. 

For  the  Town's  information,  the  addition  of  the  PLC  with  the  control  program  and  the  change  over  in 
wiring  is  estimated  to  cost  $15,000. 

The  additional  electrical  consumption  required  to  extend  the  operation  of  the  plant  from  1 8  hours 
to  24  hours  per  day  during  the  winter  would  be  minimal  provided  during  most  of  this  period 
demand  can  be  met  with  one  low  lift  pump.  If  and  when  necessary  a  second  pump  can  be  started 
to  maintain  required  production. 
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1.0   BACKGROUND 


Trihalomethanes  (THMs)  are  by-products  created  when  the  chlorine  used  in  the  disinfection  process 
reacts  with  naturally  occurring  organics  (eg.  formed  by  decay  of  algae  and  vegetation)  in  raw  water. 
The  most  common  forms  of  trihalomethanes  created  are  chloroform,  bromodichloromethane, 
chlorodibromomethane  and  bromoform. 

The  formation  of  THMs  is  influenced  by  several  factors: 

•  Free  chlorine  concentration  -  higher  CI2  =  higher  THM 

•  Organic  content  -  higher  organic  concentration  =  higher  THM 

•  pH  -  higher  pH  =  higher  THM 

•  Temperature  -  higher  temperature  =  higher  THM 

•  Time  -  normally  longer  time  =  higher  THM 

Since  the  formation  of  trihalomethanes  is  associated  with  the  presence  of  organics  in  the  water,  small 
inland  lakes  and  rivers,  which  may  contain  more  organics  than  large  clear  bodies  of  water  have  a 
greater  trihalomethane  formation  potential,  especially  during  periods  of  high  runoff. 

The  reason  for  adding  chlorine  to  drinking  water  is  to  inactivate  bacteria  and  other  microorganisms  that 
could  cause  numerous  illnesses.  However  chlorine  use  leads  to  the  presence  of  trihalomethanes  and  this 
is  a  cause  for  concern,  studies  have  found  an  association  between  high  levels  of  trihalomethanes  in 
chlorinated  drinking  water,  and  slight  increases  in  cancer  following  long  term  exposure  of  more  than  35 
years. 
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Chlorine  has  an  advantage  over  other  disinfectants  in  that  it  persists  many  hours  or  for  days  and 
provides  protection  for  the  entire  water  distribution  system.  The  benefit  to  public  health  of  using 
chlorine  as  a  disinfectant  in  drinking  water  far  out-weighs  the  risk  to  health  associated  with  the  low 
levels  of  trihalomethanes  created  as  by-products  of  chlorination. 

In  order  to  decrease  the  health  risk  from  trihalomethanes,  the  Canadian  and  Ontario  governments  have 
lowered  their  respective  guideline  limits  from  an  "anytime"  maximum  acceptable  concentration  of  350 
ug/L,  measured  as  a  single  occurrence,  to  an  interim  maximum  acceptable  concentration  of  100  ug/L 
based  on  a  running  annual  average  of  four  quarterly  samples 

Disease  outbreaks  caused  by  giardia  and  Cryptosporidium  have  been  reported  with  increased  frequency 
over  the  last  decade  in  Canada  and  the  US.  These  protozoan  parasites  (especially  Cryptosporidium)  are 
more  difficult  to  kill  than  bacteria  with  disinfectants,  and  therefore  their  removal  by  physical  processes 
is  vital.  As  a  result,  Health  Canada  is  now  examining  the  need  for  stricter  standards  for  particle  removal 
in  water  plants.  The  current  Ontario  Drinking  Water  Objective  (ODWO)  for  turbidity  that  applies  at 
the  water  treatment  plant  is  1  NTU,  but  current  US  research  and  experience  now  indicates  that  a  filter 
effluent  turbidity  of  0. 1  NTU  is  needed  to  provide  protection  from  Cryptosporidium.  In  the  attempt  to 
reduce  potential  for  disease  outbreaks,  this  study  attempted  to  evaluate  the  feasibility  to  obtain  a 
turbidity  of  0. 1  NTU  in  filter  effluent. 

Alum  (aluminum  sulphate)  is  the  most  widely  used  coagulant  because  it  is  effective,  readily  available, 
and  relatively  inexpensive.  However,  under  some  circumstances,  or  if  not  used  properly,  its  use  can 
result  in  elevated  levels  of  residual  aluminum  in  finished  drinking  water.  An  article  was  recently 
published  on  facts  about  human  health  and  aluminum  in  drinking  water  (Environmental  Science  and 
Engineering  Magazine,  January  1997).  The  following  is  a  summary  of  the  major  facts  presented  in  the 
article. 
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In  recent  years,  increased  attention  has  been  focused  on  possible  adverse  effects  of  aluminum  in 
drinking  water  on  human  health.  Several  epidemiological  studies  have  reported  a  slightly  increased 
incidence  of  dementia  in  communities  where  drinking  water  is  high  in  aluminum  and  these  studies  have 
raised  concerns  among  the  media  and  public.  A  number  of  theories  on  the  causes  of  Alzheimer's 
disease  have  been  proposed  and  are  currendy  under  investigation.  From  what  we  know  at  this  time,  the 
evidence  linking  aluminum  and  Alzheimer's  disease  is  far  from  conclusive,  but  we  also  cannot  be  sure 
that  there  is  no  relationship.  Humans  are  constantly  being  exposed  to  aluminum  via  food,  air,  and 
water.  Ninety  percent  (90%)  of  aluminum  intake  is  from  food.  In  general,  exposure  to  aluminum  from 
drinking  water  is  very  low  (below  3%)  compared  with  that  from  food  and  drugs.  At  the  present  time 
the  ODWO  for  aluminum  in  drinking  water  is  100  ug/L,  which  is  an  operational  not  a  health  related 
guideline. 

Owners  of  water  treatment  plants  and  water  distribution  systems  who  provide  water  for  consumption 
have  legal  responsibilities  which  are  shared  by  all  suppliers  of  food  or  drink.  Owners  and  suppliers 
must  take  reasonable  measures  to  ensure  the  water  is  fit  for  safe  consumption. 

This  optimization  study  is  funded  by  the  Ontario  Ministry  of  Environment  and  Energy  (MOEE),  and  is 
a  cooperative  public/private  project  between  the  MOEE  and  RAL  Engineering  Ltd.  By  optimizing  the 
performance  of  their  existing  facilities,  municipalities  with  a  conventional  water  treatment  plant  (i.e. 
coagulation,  flocculation,  settling,  filtration  and  disinfection)  in  many  cases  should  be  capable  of 
producing  water  that  meets  the  new  THM  objective,  and  also  be  capable  of  improved  particle  removal, 
without  resorting  to  costly  upgrades. 
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The  optimization  of  a  water  treatment  plant  consists  of: 

•  Documentation  of  existing  facility. 

•  Assessment  of  the  performance  of  each  process  unit. 

•  Verification  of  the  hydraulic  loading  on  each  process. 

•  Laboratory  jar  testing  to  determine  the  best  combination  of  treatment  chemicals  and  the 
optimum  dosages  to  achieve  maximum  removal  of  particulates  and  dissolved  organic 
material,  as  well  as  a  minimum  level  of  aluminum  residual  in  the  treated  water. 

•  Make  required  changes  to  plant  operation  at  full-scale  to  ensure  that  changes  will  minimize 
the  formation  of  THM,  but  will  not  compromise  the  disinfection  requirement. 
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2.0        OBJECTIVES 


The  two  main  objectives  of  the  study  are: 

1.  IMPROVEMENT  OF  KENORA  WATER  TREATMENT  PLANT  PERFORMANCE 

•  Improve  plant  performance  without  major  capital/equipment  expenditures.  Specific  water 
quality  objectives  are  listed  below  in  decreasing  order  of  priority. 

i.  To  comply  with  the  100  ug/L  ODWO  for  THMs  in  treated  water  as  a  running 
annual  average  of  four  quarterly  samples.  This  objective  shall  be  met  while  ensuring 
proper  removal  and/or  inactivation  of  disease-causing  organisms  such  as  bacteria  and 
viruses,  since  this  remains  the  most  critical  aspect  of  drinking  water  treatment. 

ii.  To  improve  particulate  removal  to  reduce  or  eliminate  disease  risk  from  gjardia  and 
Cryptosporidium.  While  the  ODWO  for  turbidity  is  1 .0  NTU,  the  goal  is  to  achieve  0. 1 
NTU  in  the  filter  effluent. 

iii.    To  keep  aluminum  residual  at  or  below  100  ug/L  to  meet  the  ODWO. 

2.  SUSTAINING  LONG-TERM  PERFORMANCE 

•  Skills  transfer  to  plant  operating  staff  to  enable  them  to  effectively  control  and  adjust 
processes  over  the  long  term  in  response  to  raw  water  quality  variations. 

•  Documentation  of  plant  conditions  with  recommendations  for  up-grades  and  operational 
modifications. 
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3.0        DOCUMENTATION  OF  EXISTING  CONDITIONS 


The  Kenora  Water  Treatment  Plant  was  put  in  operation  in  1979.  The  plant  is  operated  by  the  Town 
of  Kenora  and  serves  the  communities  of  Kenora,  Keewatin  and  Jaflray  Melick  Township  representing 
a  population  of  13,500.  The  raw  water  source  is  the  Lake  of  the  Woods.  The  plant  is  a  'conventional' 
configuration  using  a  rapid  mix  chamber,  two  upflow  solids  contact  type  clarifiers  with  integral 
flocculation  zones  and  four  rapid  gravity  sand  and  anthracite  filters.  There  is  a  2,275  m3  clearwell  under 
the  treatment  area.  System  storage  consists  of:  a  4,550  nr  standpipe  in  Kenora  Zone  1,  a  4,550  m3 
standpipe  in  Keewatin,  and  a  6,820  m3  tank  in  Kenora  Zone  2/Jaflray  Melick.  The  tanks  are  only 
operated  in  the  top  few  meters  to  maintain  minimum  distribution  system  pressures.  The  plant  is 
operated  24  hours  per  day  during  the  summer,  and  approximately  16  to  18  hours  per  day  during  the 
winter. 

A  plant  survey  was  performed  during  a  site  visit  on  June  4,  1996  to  prepare  a  general  description  of 
existing  equipment  and  condition  of  operation.  The  survey  is  documented  in  Appendix  A.  A  plant 
schematic  is  presented  in  Figure  3. 1 .  A  copy  of  the  Certificate  of  Approval  is  located  in  Appendix  D. 


The  raw  water  characteristics  are: 

Colour: 

16to31TCU 

Turbidity: 

0.23  to  2.2  NTU 

pH: 

7.4  to  7.6 

Alkalinity: 

37  to  47  mg/L 

Plant  flows  are  generally: 

Average  day 

7,840  m3/d 

Maximum  daily  flow 

13,800  m7d 

Design  Capacity 

26,000  m3/d 
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Figure  3.1  piant  Schematic  for  Kenora  Area  Water  Treatment  Plant 


3.1        TREATMENT  UNITS 

In  general  the  treatment  plant  was  operating  very  well.  There  were  no  issues  relating  to  treatment 
process  unit  design  or  operation  except  for  the  relatively  small  clearwell,  and  the  resultant  starting  and 
stopping  of  the  entire  plant  several  times  per  day.  The  operating  staff  have  excellent  control  of  the  plant 
process.  A  brief  description  of  the  process  unit  operations  associated  with  the  plant  are: 

3.1.1  Low  Lift  Pumps 

Three  (3)  vertical  turbines  pumps  at  9,030  L/min  (2,000  IGPM)  each. 

3.1.2  Rapid  Mixing 

In-line  blender  for  dispersion  of  alum  followed  by  a  polymer  feed  point  and  a  rapid  mix 
chamber.  Mixing  of  applied  chemicals  is  excellent. 

3.1.3  Flocculation 

Eocculation  occurs  in  the  sludge  blanket  portion  of  the  clarifier.  This  is  a  very  efficient 
process  but  it  is  dependent  on  the  maintenance  of  an  adequate  suspended  sludge 
volume.  By  nature,  this  process  is  prone  to  up-set  during  start-up.  When  the  sludge 
blanket  is  lost,  either  through  routine  clarifier  maintenance  or  as  a  malfunction,  it  can 
take  over  a  day  to  reestablish  during  which  time  there  is  considerable  carry  over  to  the 
filters. 

3.1.4  Sedimentation 

As  noted  above  the  sedimentation  tank  is  the  up-flow  upper  portion  of  the  solids 

contact  unit. 

Number:  2 

Type:  Upflow  solids  contact-Degremont  Pulsator 

Tank  Dimensions  9.9  m by  16.9  m  (32'-6"  by  55-6")  each 

Settling  Area:  167.3  m2 

Sludge  blow  down  is  through  a  pipe  header  system.  The  operating  staff  report  there 
are  'dead'  areas  that  retain  sludge  which  appears  to  go  septic. 
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3.1.5     Filtration 


Number:  4 

Type:  Rapid  gravity  dual  media  filter  with  Ecodyne 

underdrain  system 
Dimensions:  4  m  by  7.6  m  (13' by  25')  each 


Area  30.4  m2  each 


The  filters  are  conservatively  sized  and  have  a  good  backwash  system.  There  are  no 
reported  problems  with  these  units. 

3.1.6  Qearwell/Reservoirs 

2,275  m3  (0.5  MIG)  baffled  basin  under  the  treatment  plant 

Three  (3)  standpipe  type  reservoirs  in  the  distribution  system: 

Kenora:  4,545  m3  (1.0  MIG), 

Keewatin:  4,545  m3  (1.0  MIG), 

Kenora:  Zone  2  (including  Jaffray  Melick  Township)  6,820  mJ  (1 .5  MIG). 

The  relatively  small  clearwell  at  the  water  treatment  combined  with  the  limited  available 
working  volume  in  the  Kenora  standpipe  results  in  the  frequent  start/stop  cycling  of  the 
plant,  up  to  8  times  per  day.  Under  the  present  control  scheme  the  Keewatin  and  the 
Kenora  Zone  2  tank  draw  water  from  the  Kenora  Zone  1  system  independent  of  the 
Zone  1  tank  and  treatment  plant  operation. 

3.1.7  Hieh  Lift  Pumps 

Three  (3)  split  case  horizontal  centrifugal  pumps  rated  at  9,090  L/min  (2,000 
IGPM)  and  200  HP  each. 

3.1.8  Wastewater  Disposal 

Filter  backwash  water  and  clarifier  sludge  are  discharged  to  the  525  m"  settling/surge 
tank  with  two  hours  settling  period.  The  supernatant  is  discharged  back  to  the  lake  and 
the  sludge  to  the  sanitary  sewer. 
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3.2        CHEMICAL  FEED  SYSTEMS 

The  chemical  feed  systems  are: 

Process  Function  Chemical 


Primary  coagulant; 
Coagulant  aid 
Disinfection 

Pre  AlkVpH  Adjustment 
Post  pH  Adjustment 


Liquid  alum 
LT  22,  LT  24 
Chlorine  gas 

Soda  ash 
Soda  ash 


Location  Added 

Raw  water/In-line  blender 
Inlet  to  rapid  mix 
Pre-  Raw  water  well 
Post-  Filter  effluent 
Raw  w:ater/In-line  blender 
Clearwell 


The  water  treatment  plant  has  now  suspended  the  pre-chlorination  and  is  monitoring  the  effluent  for 
taste  and  odour  problems,  and  the  operation  for  indication  of  clarifier  or  filter  fouling 

3.2.1  Alum  and  Polymer  Feed 

The  chemicals  used  for  the  coagulation/fJocculation  process  are  alum  as  primary  coagulant  and 
LT  22  as  coagulant  aid  during  the  summer  and  LT  24  during  the  winter.  Changes  in  dosage  is 
achieved  by  manual  adjustment  of  stroke  length  of  the  metering  pump  based  on  a  pre- 
determined dosage  from  jar  testing  Feed  rate  is  paced  to  the  raw  water  flow.  There  are  two 
alum  feed  pumps  with  a  capacity  of  1 .65  L/min.  One  of  the  pumps  is  used  as  standby. 

3.2.2  Soda  Ash  Feed 

Soda  ash  (sodium  carbonate)  is  used  for  alkalinity/pH  correction  to  optimize  coagulation  at  the 
head  of  the  plant,  and  for  post  pH  adjustment  in  the  clearwell  for  corrosion  control.  Soda  ash 
solution  is  prepared  at  a  set  concentration  on  a  batch  system.  The  concentration  can  be  altered 
by  variations  in  the  mixing  water  inflow  rate  set  by  the  rotameter,  and  by  the  dry  feeder  timer 
setting.  The  capacity  of  the  dry  feeder  is  0.71  m~/h. 

The  two  metering  pumps  used  for  pre  and  post  pH/alkalinity  adjustment  with  soda  ash  have  a 
capacity  of  8  L/min.  Feed  rate  is  proportioned  automatically  from  the  raw  water  flow  signal. 
Dosage  changes  are  achieved  by  manual  adjustment  of  stroke  length. 
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3.2.3     Chlorine  Feed 

Chlorine  gas  is  drawn  off  from  a  one  tonne  cylinder  located  in  the  chlorine  storage  area. 
Chlorine  gas  is  combined  with  water  at  the  ejector  and  discharged  in  two  locations: 

•  pre-chlorine  -  low  lift  well  at  inlet, 

•  post-chlorine  -  clearwell  at  first  baffle  wall. 

Pre-chlorine  solution  is  fed  at  a  manually  set  dosage  rate  and  proportioned  automatically  to  raw 
water  flow.  Post-chlorine  solution  is  fed  at  a  dosage  rate  automatically  adjusted  by  chlorine 
residual  and  proportioned  automatically  to  the  filters'  flow. 

3.2.4     Fluoride  Feed 

Fluoride  is  used  to  promote  resistance  to  tooth  decay  in  the  community.  Sodium  silicofluoride 
is  added  to  the  supply  in  the  clearwell.  The  fluoridation  feed  system  includes  one  dry  feeder 
(45.4  kg/d)  and  one  dosing  pump  (36  L/min).  Fluoride  solution  is  fed  at  a  dosage  rate 
proportioned  automatically  to  the  plant  flow. 

3.3        HISTORICAL  DATA 

A  summary  of  historical  data  collected  in  1994  and  1995  is  presented  in  Table  3.1.  The  table 
summarizes  the  results  of  analysis  including  colour,  turbidity,  alkalinity,  pH,  aluminum  residual  and 
trihalomethanes  in  the  raw  and  the  treated  water.  The  water  samples  were  analyzed  for  the  Drinking 
Water  Surveillance  Program  (DWSP).  The  average  values  for  1994  and  1995  are  summarized  as 
follow: 


Parameters 

Raw  Water 

Treated  Water 

Colour       (TCU) 

24 

4.3 

Turbidity    (NTU) 

1.4 

0.06 

Alkalinity   (mg/L-CaC03) 

51 

51 

pH 

7.5 

7.2 

Aluminum  (ug/L) 

44 

39.4 

Trihalomethanes  (u.g/L) 

- 

125 
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The  variation  of  trihalomethanes  in  the  treated  water  ranges  from  87  to  169  ug/L.  The  average  THM 
value  for  1994  and  1995  (125  ug/L)  exceeds  the  100  ug/L  Ontario  Drinking  Water  Objective 
(ODWO)  The  maximum  levels  observed  were  for  the  period  of  June  to  September,  with  values 
ranging  from  134  to  169  ug/L. 

The  variation  of  colour  in  the  raw  and  the  treated  water  for  Kenora  Water  Treatment  Plant  is  presented 
in  Figure  3.2.  The  raw  water  colour  reaches  its  maximum  value  in  March  (30  TCU).  The  colour  for  the 
treated  water  ranges  from  3  to  5.6  TCU. 

The  variation  of  turbidity  in  the  raw  and  the  treated  water  for  1994  and  1995  is  presented  in  Figure  3.3. 
The  raw  water  turbidity  reaches  a  peak  in  March  and  September  with  2.4  and  1.8  NTU  respectively. 
The  turbidity  for  the  treated  water  varies  from  0.05  to  0.09  NTU.  The  turbidity  in  the  treated  water 
remains  below  0.1  NTU,  which  is  the  study  objective  for  the  filter  effluent. 

The  aluminum  residual  in  the  treated  water  varies  from  26  to  65  ug/L,  which  is  well  below  the  Ontario 
Drinking  Water  Objective  (ODWO)  of  100  ug/L. 
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4.0        PERFORMANCE  ASSESSMENT 


4.1        JULY  AND  AUGUST  SAMPLING 

Additional  water  samples  were  collected  at  the  treatment  plant  in  July  and  August  1996  to  establish  a 
baseline  for  THMs  versus  the  level  of  colour  and  Total  Organic  Carbon  (TOC).  The  samples  were 
analyzed  by  Novamann.  The  results  obtained  from  5  weeks  of  sampling  are  summarized  in  Table  4. 1 . 
The  operation  data  collected  at  the  water  treatment  plant  for  the  days  of  sampling  including  average 
daily  flow,  turbidity,  raw  water  temperature  and  chemical  dosages  and  residuals  are  presented  in  Table 
4.2. 

The  average  THM  for  the  treated  water  and  the  distribution  system  is  164  \j.gfL  and  133  ug/L 
respectively.  The  results  are  not  in  compliance  with  the  ODWO  of  100  u\g/L  for  THMs  in  treated 
water. 

The  average  colour  measured  during  the  summer  sampling  is  24.7  TCU  for  the  raw  water  and  2.6 
TCU  for  the  treated  water.  From  Table  4.2  it  is  noted  that  the  average  turbidity  in  the  raw  water  is  1. 13 
NTU,  and  the  average  turbidity  in  the  treated  water  is  0.05  NTU.  Turbidity  values  measured  at  the 
plant  for  the  treated  water  are  considerably  lower  than  turbidity  results  from  Novamann.  This  is  due  to 
the  fact  that  results  for  turbidity  are  unreliable  unless  measured  at  the  time  of  sampling. 

Based  on  THM,  colour  and  TOC  analysis  performed  for  Kenora  Water  Treatment  Plant,  there  is  no 
evidence  of  a  direct  relation  between  the  level  of  colour  or  TOC  in  the  water  and  the  level  of  THM 
formed.  The  lack  of  THM-colour  correlation  is  somewhat  unexpected  since  in  general  the  higher  the 
colour,  the  higher  the  organic  content,  therefore  producing  higher  THMs.  In  addition  to  the  limited 
number  of  samples  collected,  other  factors  which  may  have  contributed  to  the  lack  of  correlation 
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include  the  narrow  range  of  colour  value  observed,  and  the  analytical  variability  for  THM  analysis  The 
detection  limit  of  the  analytical  procedures  and  the  method  reference  used  by  Novamann  is  summarized 
in  Appendix  E. 

The  water  samples  taken  in  the  distribution  system  for  THM  analysis  were  quenched  with  sodium 
thiosulfate  to  remove  any  chlorine  residual  and  to  stop  any  further  reaction  between  free  chlorine  and 
organics.  This  is  most  representative  of  what  people  consume.  Quenched  water  samples  will  maintain 
the  same  level  of  THM  as  existed  at  the  time  of  sampling.  The  water  samples  taken  at  the  water 
treatment  plant  for  THM  analysis  were  not  quenched,  the  reason  being  to  simulate  the  effect  of 
additional  contact  time  in  the  distribution  system  versus  the  development  of  THM. 
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4.2        PROCESS  EVALUATION 

4.2.1  Sedimentation 

The  actual  clarifier  surface  overflow  rate  (SOR)  at  maximum  day  is: 

Clarifier  SOR    =13,800  m:7d  *  Clarifier  area 

=  13,800  m3/d  *(2  *  (9.9m  *  16.9  m)) 
=  41.2  m/d  or  1.72  m/h. 

The  MOEE  guidelines  suggest  typical  surface  overflow  rates  for  sedimentation  tanks  from  38.4 
m/d  to  57.6  m/d.  The  clarifier  surface  overflow  rate  meets  the  MOEE  criteria  for  the  maximum 
day  flow.  The  maximum  day  flow  occurs  during  the  summer,  when  the  plant  is  operated  24 
hours  per  day. 

4.2.2  Filtration 

The  filter  loading  rate  for  the  maximum  daily  flow  is  evaluated  as  follow: 

Loading  rate     =  1 3,800  m7d  *  Filter  Area 

=  13,800  m3/d  -  (4  *  (4  m  *  7.6  m)) 
=  113.5  m/d  or  4.7  m/h. 

The  MOEE  guidelines  suggest  that  the  maximum  filtration  rate  allowed  is  from  9  m/h  to  18 
m/h.  The  filtration  rate  for  Kenora  Water  Treatment  Plant  is  considerably  lower  than  the 
criteria  recommended  by  the  MOEE  for  the  maximum  day  flow. 
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4.2.3  Clearwell 

The  hydraulic  loading  (average  daily  flow:  7,840  m3/d  and  maximum  daily  flow:  13,800  m"7d) 
is  well  below  the  rated  capacity  of  the  treatment  process  (26,000  m3/d).  However,  the  short 
contact  time  available  in  the  clearwell  results  in  frequent  starts  and  stops  during  the  day  (up  to 
8  in  a  day  according  to  plant  records). 

The  contact  time  in  the  clearwell  is  estimated  to  be  47  minutes  for  the  maximum  day  flow, 
presuming  that  the  clearwell  is  half  full  and  the  baffling  condition  in  the  clearwell  is  qualified  as 
slightly  below  average  (Tio/T=0.4).  Each  time  the  plant  stops,  the  solids  contact  clarifier  settles 
and  is  slow  to  fully  re-suspend  resulting  in  an  upset  in  the  process.  This  leads  to  floe  carry  over 
and  shorter  filter  runs.  General  plant  performance  for  turbidity  and  colour  is  good,  however, 
the  frequency  of  starts  and  stops  would  have  a  negative  impact  on  short  term  quality. 

4.2.4  Taste  and  Odour  Problem 

The  plant  staff  reported  significant  problems  with  taste  and  odour  especially  in  the  spring  when 
the  pre-chlorine  residual  falls  too  low.  Consequently,  they  maintained  a  'healthy'  pre-chlorine 
dosage  to  oxidize  any  odour  compounds.  This  resulted  in  THM  formation  well  in  excess  of  the 
ODWO  guideline.  The  likely  source  of  the  taste  and  odour  pre-cursors  needs  to  be  investigated 
during  a  taste  and  colour  event  to  determine  if  an  alternative  disinfection  strategy  would 
effectively  eliminate  the  problem  while  maintaining  effective  microbiological  control.  It  was 
speculated  by  plant  staff  that  the  source  of  odour  may  have  been  the  sludge  in  the  clarifier  and 
that  the  high  pre-chlorine  residuals  were  necessary  to  keep  the  sludge  from  turning  septic. 
However,  the  high  chemical  content  of  the  sludge  and  the  highly  oxygenated  water  would  not 
normally  lead  to  this  type  of  problem.  Since  the  taste  and  odour  occurances  are  in  the  spring 
and  fall  it  may  be  related  to  lake  turnover  and/or  algae. 

Detailed  testing  was  not  performed  since  taste  and  odour  problems  are  difficult  to  identify,  and 
a  major  event  did  not  occur  during  the  summer  and  fall  of  1996. 
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4.2.5     Disinfection 

Disinfection  of  drinking  water  is  the  most  important  aspect  of  the  treatment  process.  Harmful 
organisms  in  water  such  as  bacteria,  viruses  or  cysts  can  cause  illness  ranging  from  minor 
intestinal  disorders  to  potentially  fatal  infections.  Maintaining  an  effective  disinfection  system 
must  be  the  overriding  priority  of  the  plant  operations.  For  surface  waters,  chlorination  with  a 
'free'  residual  is  the  most  common  and  most  practical  method  of  disinfection.  To  be  effective, 
the  treated  water  must  be  very  low  in  turbidity  as  suspended  particles  can  shield  bacteria  and 
virus  from  the  effect  of  chlorine.  Even  turbidity  levels  greater  than  0. 1  NTU  can  indicate  an 
increased  probability  of  chlorine  resistant  cysts  being  present. 

To  achieve  a  safe  level  of  disinfection,  it  is  necessary  to  dose  the  treated  water  with  a  sufficient 
amount  of  chlorine  to  produce  a  'free'  residual,  and  to  give  the  chlorine  sufficient  time  to 
inactivate  the  potentially  harmful  organisms.  This  is  called  the  concentration-time  factor  or  CT, 
also  referred  to  as  the  primary  disinfection  stage.  Sufficient  CT  must  be  achieved  at  the 
treatment  plant  before  the  first  service  connection.  Current  MOEE  guidelines  call  for  a 
minimum  residual  of  0.5  mg/L  for  a  minimum  contact  time  of  30  minutes  after  filtration.  This 
disinfection  guideline  for  water  treatment  plants  in  Ontario  is  under  review,  and  the  new- 
guideline  may  be  similar  to  the  Surface  Water  Treatment  Rule  (SWTR)  promulgated  by  U.S. 
Environmental  Protection  Agency  (U.S.  EPA).  The  SWTR  established  CTs  value  for  chlorine, 
chlorine  dioxide,  ozone  and  chloramines  required  to  achieve  adequate  inactivation  of  giardia 
cysts  and  viruses.  For  the  purpose  of  calculating  CT  value,  T  is  the  time  (in  minutes)  it  takes 
the  water,  during  peak  plant  flows,  to  move  between  the  point  of  disinfectant  application  and  a 
point  where,  C,  residual  disinfectant  (in  mg/L)  concentration  is  measured  just  prior  to  the  first 
customer.  The  calculation  must  take  into  account  the  degree  of  short  circuiting  in  the  storage 
tank. 
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For  free  residual  chlorination,  the  CT  required  is  based  on  the  inactivation  of  giardia  cysts  in 
cold  water.  Cysts  are  harder  to  inactivate  by  free  chlorine  than  viruses,  therefore,  it  is  implied 
that  proper  inactivation  of  giardia  cysts  will  ensure  inactivation  of  viruses.  Disinfection  is  not 
effective  for  the  inactivation  of  Cryptosporidium  therefore,  it  is  necessary  to  perform  adequate 
filtration  at  the  water  treatment  plant  for  any  municipality  at  risk  of  Cryptosporidium  outbreaks. 

Secondary  disinfection  refers  to  the  maintenance  of  a  residual  in  the  distribution  system  to 
protect  against  bacterial  re-growth  or  minor  cross  connection  contamination.  This  maintenance 
residual  is  commonly  achieved  with  'free'  chlorine,  but  alternatively  can  be  converted  to 
chloramine  or  'combined'  residual  with  the  addition  of  ammonia.  Chloramines  have  the 
advantage  of  being  more  stable  and  lasting  much  longer  in  the  system.  They  also  do  not  react 
with  organics  to  form  THMs.  They  are  however  much  less  effective  as  a  disinfectant  and  are 
very  weak  in  inactivating  viruses  and  cysts  Use  of  chloramine  as  a  primary  disinfectant  is 
therefore  not  recommended. 

The  MOEE  guidelines  recommend  a  minimum  free  chlorine  residual  of  0.2  mg/L  at  the  end  of 
the  distribution  system.  The  AWWA  recommends  a  residual  of  1.0  mg/L  of  chloramine  be 
maintained  to  prevent  re-growth  (AWWA,  1993).  These  chlorine  residuals  do  not  take  into 
consideration  water  characteristics  such  as  temperature  and  pH  that  affect  disinfection 
efficiency. 

According  to  the  SWTR,  all  community  and  noncommunity  public  water  systems  which  use  a 
surface  water  source  or  a  ground  water  under  the  direct  influence  of  a  surface  water  must 
achieve  a  minimum  of  99.9  percent  (3-log)  removal  and/or  inactivation  of  giardia  cysts. 
According  to  these  guidelines,  systems  with  sewage  and  agricultural  discharges  to  the  source 
water  should  provide  treatment  to  achieve  an  overall  5-log  removal/inactivation  of  giardia 
cysts,  while  the  minimum  required  3-log  removal/inactivation  is  sufficient  for  sources  with  no 
significant  microbiological  contamination  from  human  activities,  a  4-log  removal/inactivation  of 
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cysts  should  be  provided  for  source  waters  whose  level  of  microbiological  contamination  is 
between  these  two  extremes. 

There  is  a  2-cell  lagoon  from  a  First  Nation  Indian  Reserve  discharging  approximately  4  km 
from  the  water  intake  in  the  Lake  of  the  Woods.  The  presence  of  houses  and  cottages  around 
the  lake  using  septic  systems  indicates  also  a  potential  for  microbiological  contamination  from 
sewage  discharge.  There  are  no  agricultural  activities  surrounding  the  Kenora  area.  Therefore, 
the  disinfection  requirement  will  be  calculated  for  a  4-log  removal/inactivation  of  giardia  cysts. 
Well-operated  conventional  treatment  plants  which  have  been  optimized  for  turbidity  removal 
can  be  expected  to  achieve  at  least  a  2.5-log  removal  of  giardia  cysts.  The  required  CT  will  be 
based  on  a  1.5-log  inactivation  of  giardia  cysts  ( 4.0-2.5-log). 

Examples  of  calculations  for  CT  for  winter  and  summer  conditions  are  presented  in  Appendix 
C.  The  contact  time  (T)  in  the  clearwell  is  estimated  by  using  the  maximum  daily  flow  for  the 
winter  and  the  summer  since  it  is  expected  that  the  peak  hourly  rate  will  be  provided  by  the 
three  reservoirs  available  for  Keewatin  and  Kenora.  As  a  conservative  approach,  T  is  evaluated 
under  the  worst  case  scenario  when  the  clearwell  level  is  half  full. 

Based  on  the  "Guidance  Manual  for  Compliance  With  the  Filtration  and  Disinfection 
Requirements  for  Public  Water  Systems  Using  Surface  Water  Source"  (U.S.  EPA  1990),  the 
baffle  condition  in  the  clearwell  qualified  as  Tio/T  factor  can  be  evaluated  to  estimate  the 
effective  contact  time  in  the  clearwell.  This  factor  represents  the  ratio  between  T]0,  which  is  the 
time  it  takes  10  percent  of  a  dye  or  tracer  to  be  detected  at  the  basin  outlet  after  it  is  injected 
into  the  basin  influent  flow,  and  the  theoretical  detention  time  for  plug  flow  in  pipelines  and 
flow  in  a  completely  mixed  chamber. 
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When  tracer  studies  are  not  available,  a  description  of  the  clearwell  and  baffling  condition  can 
be  used  to  estimate  the  Tio/T  factor.  A  schematic  of  the  clearwell  is  presented  on  Figure  4.1. 
Based  on  the  "Guidance  Manual  for  Compliance  With  the  Filtration  and  Disinfection 
Requirements  for  Public  Water  Systems  Using  Surface  Water  Source",  the  baffling  condition  in 
the  clearwell  is  qualified  as  slightly  below  average  with  a  Tio/T  factor  equals  to  0.4.  A  poor 
baffling  system  (Tio/T  =  0.3)  is  described  as  single  or  multiple  unbaffled  inlets  and  outlets  with 
no  intra-basin  baffles,  and  an  average  baffling  condition  (Tk/T  =  0.5)  is  described  as  a  baffled 
inlet  or  outlet  with  some  intra-basin  baffles.  The  clearwell  for  Kenora  has  inlet  baffles  but  does 
not  have  intra-basin  baffles  in  the  two  main  cells.  The  results  of  the  evaluation  of  residual 
chlorine  concentration  required  for  inactivation  of  giardia  cysts  under  various  conditions 
(Appendix  C.  1  to  C.6)  are  summarized  in  Table  4.3. 
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TABLE  4.3       Calculation  of  minimum  residual  chlorine  concentration  necessary'  for 
inactivation  of  giardia  cysts  for  total  4-log  removal. 


CONDITIONS 

FREE  RESIDUAL  CHLORINE 

CONCENTRATION  (MG/L) 

C 

CONTACT  TIME 
(MINLTES) 

T 

•  Winter  Condition 

•  Plant  operated  1 8  h/d 

3.0 

1 
52 

•  Winter  condition 

•  Plant  operated  18  h/d 

•  Relocation  of  soda  ash  at 
the  end  of  the  clearvvell 

1.9 

52 

•  Winter  condition 

•  Plant  operated  24  h/d 

•  Relocation  of  soda  ash  at 
the  end  of  the  clearvvell 

1.3 

70 

•  Winter  condition 

•  Plant  operated  18  h/d 

•  Relocation  of  soda  ash  at 
the  end  of  the  clearvvell 

•  Installation  of  baffles  in 
the  clearvvell 

0.96 

91 

•  Winter  condition 

•  Plant  operated  24  h/d 

•  Relocation  of  soda  ash  at 
the  end  of  the  clearvvell 

•  Installation  of  baffles  in 
the  clearvvell 

0.7 

122 

•  Summer  condition 

•  Plant  operated  24  h/d 

•  Relocation  of  soda  ash  at 
the  end  of  the  clearwell 

•  Installation  of  baffles  in 
the  clearwell 

0.27 

83 
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Table  4.3  shows  that  a  high  free  chlorine  residual  (3  mg/L)  is  required  during  the  winter 
and  early  spring  when  the  water  temperature  is  low  and  under  the  actual  condition  where 
the  plant  is  operated  approximately  18  hours  per  day.  Such  a  high  chlorine  residual  could 
generate  many  complaints  from  the  community  related  to  chlorine  taste  and  odour.  A  high 
chlorine  dosage  can  also  produce  THM  in  excess  of  the  ODWO  of  100  ug/L.  Higher 
chlorine  residual  is  required  during  the  winter  since  lower  water  temperature  reduces  the 
rate  of  inactivation. 

CT  calculations  were  also  performed  for  a  pH  in  the  clearwell  of  6.5,  which  is  the  actual 
pH  of  the  water  leaving  the  filters.  A  lower  pH  level  is  preferable  to  increase  the 
disinfection  performance  when  using  chlorine.  The  post  pH  adjustment  with  soda  ash  to 
bring  the  finished  water  to  a  pH  of  7.5  can  be  performed  at  the  high  lift  end  of  the 
clearwell.  Table  4.3  shows  that  a  free  chlorine  residual  of  1.9  mg/L  is  required  during  the 
winter  under  the  actual  condition  when  the  plant  is  operated  1 8  hours  per  day,  and  for  a 
pH  in  the  clearwell  of  6.5.  This  level  of  free  chlorine  residual  is  lower  than  the  free 
chlorine  residual  required  for  a  pH  7.5  (3.0  mg/L).  To  reduce  the  risk  of  taste  and  odour 
and  to  further  reduce  the  formation  of  THM,  it  is  recommended  to  increase  the  hours  of 
operation  from  1 8  hours  to  24  hours  during  the  winter.  If  the  plant  is  operated  24  hours 
during  the  winter  the  free  chlorine  residual  required  is  lower  (1.3  mg/L).  It  is  therefore 
recommended  to  relocate  the  injection  point  of  the  soda  ash  to  the  high  lift  end  of  the 
clearwell  and  increase  the  hours  of  operation  to  24  hours  per  day.  However,  the  chlorine 
residual  required  is  still  high  and  will  present  risks  for  taste  and  odour  problems  as  well  as 
the  possibility  of  forming  a  high  level  of  THM. 

To  minimize  these  effects,  it  is  recommended  to  improve  the  baffling  condition  in  the 
clearwell.  This  will  increase  further  the  contact  time.  The  existing  baffling  condition  factor 
Tio/T  is  0.4.  The  clearwell  could  be  upgraded  to  a  Tio/T  factor  of  0.7,  described  as  a 
superior  baffling  condition  with  perforated  inlet  baffle,  serpentine  or  perforated  intra-basin 
baffles,  outlet  weir  or  perforated  launders. 
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The  results  presented  in  Table  4.3  show  that  a  free  chlorine  residual  of  0.96  mg/L  would 
be  required  during  the  winter  when  then  plant  is  operated  1 8  h/d,  after  relocation  of  the 
soda  ash  to  the  end  of  the  clearwell,  and  after  installation  of  baffles  in  the  clearwell.  A 
lower  and  more  desirable  free  chlorine  residual  of  0.7  mg/L  would  be  required  during  the 
winter  if  the  plant  is  operated  24  h/d,  after  relocation  of  the  soda  ash  injection  point  and 
installation  of  baffles  in  the  clearwell.  It  is  therefore  recommended  to  relocate  the  soda 
ash  injection  to  the  high  lift  end  of  the  clearwell,  operate  the  plant  24  h/d  during  the 
winter,  and  install  baffles  in  the  clearwell.  The  minimum  free  chlorine  residual  required 
during  the  summer  under  the  same  condition  is  0.27  mg/L. 

The  operation  of  the  plant  can  be  extended  to  24  h/d  during  the  winter  by  adjusting  the 
throttling  valve  to  lower  the  low  lift  pump  flow.  The  maximum  day  demand  during  the 
winter  is  9,400  m7d.  Assuming  that  75%  of  the  water  demand  is  over  a  period  of  12 
hours  (6:00  AM  to  6:00  PM),  the  water  demand  during  that  period  is  0.75  X  9,400  m3/d  = 
7,050  m\  The  water  produced  by  the  treatment  plant  over  that  period  would  be  9,400 
m3/d  X  12/24  =  4,700  m^.  The  difference  between  the  water  demand  and  the  water 
produced  (7,050  m3  -  4,700  m~  =  2,350m")  can  be  provided  by  the  water  available  in  the 
three  standpipes  and  the  water  available  in  the  clearwell.  A  maximum  water  volume  of 
7,300  m3  can  be  supplied  by  the  standpipes  to  maintain  a  minimum  pressure  in  the 
distribution  system.  The  water  volume  available  in  the  clearwell  is  half  of  the  total  volume 
of  the  clearwell  (1/2  X  2,273  m3  =  1,140  m3).  Therefore,  the  total  volume  available  in 
storage  is  8,440  m3  (7,300  +  1,140  m"),  which  is  greater  than  the  difference  between  the 
water  demand  and  the  water  produced  from  6:00  AM  to  6:00  PM  (2,350  mJ),  meaning 
that  the  2,350  m3  can  easily  be  supplied  by  the  water  available  in  storage.  This  exercise 
demonstrates  the  feasibility  to  extend  the  operation  of  the  water  treatment  plant  to  24 
hours  per  day  during  the  winter. 
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Increasing  the  hours  of  operation  at  the  plant  during  the  winter  will  have  no  impact  on 
overall  chemical  consumption  since  the  same  amount  of  water  is  treated  over  a  24-hour 
period  instead  of  an  18-period  per  day.  The  existing  chemical  pumps  and  chemical  storage 
tanks  would  remain  adequate.  It  is  expected  that  the  operation  cost  for  electrical 
consumption  from  the  low  lift  pumps  would  not  change  provided  one  low  lift  pump  is 
operated  24  hours  per  day  and  a  second  pump  added  as  required. 

Information  collected  from  the  water  plant  shows  that  a  free  chlorine  residual  is  normally 
kept  between  0.4  to  0.8  mg/L.  A  free  chlorine  residual  of  0.27  mg/L  will  provide  adequate 
inactivation  of  giardia  cysts  during  the  summer,  providing  sufficient  chlorine  residual  is 
maintained  at  the  end  of  the  distribution  system  (minimum  0.2  mg/L).  The  free  chlorine 
residual  should  be  maintained  to  0.7  mg/L  during  the  winter  to  provide  adequate 
inactivation  after  relocating  the  soda  ash  injection  point  to  the  high  lift  end  of  the 
clearwell,  up-grading  the  baffling  condition  in  the  clearwell  and  for  the  plant  operated  to 
24  hours  per  day. 
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FIGURE   4.1    CLEARWELL   LAYOUT   FOR    KENORA   WATER   TREATMENT   PLANT 


5.0        OFF-SITE  BENCH  SCALE  EVALUATIONS 


5.1        INTRODUCTION 

The  off-site  bench  scale  study  was  conducted  by  the  MOEE  Science  &  Technology  Branch, 
Water  &  Wastewater  Optimization  Section.  The  primary  objective  of  this  study  was  to  determine 
what  combination(s)  of  treatment  chemicals  could  be  tried  at  plant-scale  to  improve  the 
performance  of  the  Kenora  water  plant  in  terms  of  colour  and  turbidity  removal 

Various  chemicals  were  examined  in  order  to  identify  a  chemical  treatment  that  would  minimize 
the  production  of  trihalomethanes  during  treatment.  This  treatability  study  was  conducted  using  a 
conventional  mode  of  treatment  consisting  of  coagulation,  flocculation,  sedimentation  and 
filtration. 

Threshold  odour  tests  were  included  in  this  study  to  address  concerns  about  seasonal  taste  and 
odour  complaints  associated  with  pre-chlorination  dosages. 


5.2        RAW  WATER  QUALITY 

This  study  was  performed  using  an  80  litre  raw  water  sample  that  was  collected  in  July  1996.  The 
raw  water  analytical  results  are  summarized  in  Table  5.4. 

Analysis  of  this  raw  water  sample  indicated  that  turbidity,  colour  and  total  organic  carbon  would 
require  reduction  in  order  to  produce  a  drinking  water  in  compliance  with  the  Ontario  Drinking 
Water  Objectives.  This  study  is  based  on  the  quality  of  one  raw  water  sample  that  is 
representative  of  mid  summer  conditions;  water  quality  can  be  expected  to  vary  seasonally  when  a 
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surface  water  is  used  as  a  raw  water  source. 

The  alkalinity  of  this  raw  water  is  relatively  low  and  depending  upon  the  primary  coagulant, 
dosage  may  need  to  be  adjusted  prior  to  chemical  addition  in  order  to  ensure  an  effective  chemical 
treatment.  Primary  coagulants  require  alkalinity  adjustment  of  the  raw  water  prior  to  treatment. 
For  example,  each  mg/L  of  alum  applied  reduces  the  alkalinity  in  the  raw  water  by  0.45  mg/L. 
Therefore,  the  addition  of  20  mg/L  alum  dosage  would  reduce  the  alkalinity  by  9  mg/L.  The  type 
of  chemical  selected  for  pre-treatment  alkalinity  adjustment  has  an  effect  on  the  chemistry  of  the 
raw  water  being  treated.  The  effects  of  the  three  most  common  chemicals  used  for  alkalinity 
adjustment  are  summarized  in  Table  5.1.  In  this  instance  soda  ash  is  used  for  pre-treatment 
alkalinity  adjustment. 

Table  5.1  Chemical  effects  of  1  mg/L  dosage  for  alkalinity  adjustment 


CHEMICAL 

EFFECT 

COST 

Sodium  Bicarbonate[NaHCO:,] 

Raises  alkalinity  by  0.60  mg/L 
Minimal  pH  effect 

HIGH 

Sodium  Carbonate  (Soda  Ash) 

Raises  alkalinity  by  0.94  mg/L. 

MEDIUM 

[NaC03] 

Increases  pH  by  significant 
amount.* 

Quicklime  [  CaO] 

Raises  alkalinity  by  1.26  mg/L. 

LOW 

Slakelime  [Ca(OH)2] 

Increases  pH  by  considerable 
amount,*  much  more  than  soda 
ash. 

*  Actual  pH  change  depends  on  raw  water  quality. 
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5.3        RESULTS  OF  STUDY 

5.3.1  Jar  Test  Conditions 

All  jar  testing  was  performed  at  the  temperature  of  the  raw  water  at  the  time  of  sampling.  Jar 
test  conditions  are  summarized  in  Table  5.2.  All  samples  were  subjected  to  the  same  general 
conditions. 

5.3.2  Chlorine  Demand 

In  order  to  identify  appropriate  chlorine  dosages  a  chlorine  demand  test  was  performed.  The 
dosages  applied  and  the  results  are  summarized  in  Table  5.3.  A  4.0  mg/L  dosage  was  required 
to  achieve  a  free  chlorine  residual  greater  than  0.5  mg/L. 

5.3.3  Preliminary  Jar  Tests 

Several  primary  coagulants  and  coagulant  aids  were  examined.  Primary  coagulants  examined 
included  alum,  polyaluminum  chloride  (PACL),  and  ferriclear  (hydroxylated  ferric  sulphate). 
Preliminary  jar  test  treatments,  dosages  and  results  are  summarized  in  Appendix  B  (Tables  B.l 
to  B.5).  Floe  quality,  aluminum  residuals  for  alum  based  coagulants,  as  well  as  both 
supernatant  and  filtered  water  turbidity  and  colour  results  were  used  to  assess  treatment 
effectiveness  and  identify  optimum  dosages. 

A.         Alum 

Alum  was  examined  at  dosages  that  ranged  from  30  to  80  mg/L  in  conjunction  with 
0.5  mg/L  Percol  LT  22,  a  polyelectrolyte  coagulant  aid.  Floe  quality  was  adequate  at 
the  optimum  dosage,  however  it  was  relatively  slow  to  settle.  The  optimum  dosage 
appeared  to  be  about  70  mg/L.  This  dosage  was  similar  to  the  dosage  being  applied 
during  treatment  at  the  plant  when  this  water  sample  was  taken. 

Several  alternate  coagulant  aids  were  examined  in  conjunction  with  the  optimum  alum 
dosage.  Acceptable  alternatives  were  identified  however,  of  the  six  examined  during 
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this  study,  Percol  LT  22,  the  coagulant  aid  in  use  at  the  plant,  produced  the  best  quality 
floe  and  finished  water  quality. 

B.         Pofyaluminum  Chloride  (PACL) 

PACL  was  examined  at  dosages  that  ranged  from  20  to  45  mg/L  in  conjunction  with 
0.5  mg/L  Percol  LT  22,  a  polyelectrolyte  coagulant  aid.  Floe  quality  and  settling  was 
much  better  than  the  floe  produced  by  alum  treatment.  Supernatant  turbidities  and 
colour  levels  were  much  lower,  indicative  of  a  heaxier  floe  that  settled  more  quickly 
and  efficiently.  The  optimum  dosage  was  identified  as  35  mg/L. 

Several  alternate  coagulant  aids  were  examined  in  conjunction  with  the  optimum  alum 
dosage.  Of  the  six  coagulant  aids  examined,  Percol  LT  25  produced  the  best  quality 
floe  and  finished  water  quality. 

C         Ferriclear  (hydroxylated  ferric  sulphate)  (HFC) 

Ferriclear  was  examined  at  dosages  that  ranged  from  20  to  70  mg/L  in  conjunction 
with  0.5  mg/L  Percol  LT  20.  Floe  quality  was  relatively  poor  when  compared  to  alum 
or  PACL  floe.  Since  no  significant  improvements  of  floe  or  finished  water  quality  were 
observed,  this  primary  coagulant  was  not  examined  further  during  this  study. 

5.3.4     Final  Run  Jar  Tests 

Based  on  the  results  of  the  preliminary  jar  tests,  four  final  run  jar  tests  were  performed  using  a 
larger  sample  volume  (6000  mL).  Two  primary  coagulants,  alum  and  PACL,  were  examined. 
Since  the  formation  of  trihalomethanes  was  the  focus  of  this  treatability  study  and  the 
recognition  that  the  application  point  of  chlorine  has  a  significant  effect  upon  the  levels 
produced,  two  disinfection  conditions  for  each  primary  coagulant  were  investigated.  Dosages 
and  results  are  summarized  in  Table  5.3.  Filtered  water  samples  were  collected  and  analyzed 
for  appropriate  drinking  water  parameters  These  results  are  summarized  in  Table  5.4. 
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table  5.2  Kenora  Treatability  Study 


DATE:      July  29.1996 


TR£ATA8fUTY  STUDY  OBJECTIVE 

: 

Select  and  optimize  chemical  dosages 

for  minimizing  trihalomethane  formation.  Perform 

threshold  odour  tests. 

RAW  WATER  SOURCE 

I  :  Lake  of  the  Woods 

JAR  TEST  CONDITIONS 

RAW  WATER  QUALITY 

TREATMENT  MODE: 

conventional 

TEMPERATURE           20              C 

FLASH  MIX  : 

TIME 

1             MIN 

ALKALINITY                48          MG/L 

SPEED     - 

275       RPM 

PH                               8.03 

FLOCCULATION: 

TIME 

25          MIN 

TURBIDITY                  2.4           FTU 

SPEED     - 

20          RPM 

COLOUR                      40           TCU 

SEDIMENTAION: 

TIME       - 

30          MIN 

FILTER  MEDIA: 

Watman  541  glass  fibre  filter  paper 

CHLORINE  DEMAND 

" """; 

TTHM  FORMATION  POTENTIAt 

JAR 

# 

CL2 
MG/L 

FREE 
MG/L 

TOTAL 
MQ/L 

JAR 

# 

CL2 
MQ/L 

THM 
UQ/L 

1 

1.5 

.29 

.45 

1 

15 

580 

2 

2.0 

.29 

.58 

3 

3.0 

.35 

.60 

4 

3.5 

.58 

.81 

5 

4.0 

.88 

1.14 

6 

5.0 

1.23 

1.62 

RESULTS  OF  A  7  DAY  FORMATION  POTENTIAL  TEST 

mg/L 

mg/L 

mg/L 

TTHM:TOTAL  TRIHALOMBTHANES 

ADDITIONAL  COM3VIE 

NTS: 

:'    '             "     '  ''  V  "^'x^x:-: 
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table  5.3   Kenora  Treatability  Study 


DATE: 

Julv  1996 

SAMPLE  VOLUME       6000  mL 

CHEMICAL  DOSAGES 

JAR 

1 

1.0  mg/L  CI2  +  70  mg/L  alum  +  0.5  mg/L  LT22  +1.0  mg/L  CI2 

2 

70  mg/L  alum  +  0.5  mg/L  LT22  +2.0  mg/L  CI2 

3 

1.0  mg/L  C!2  +  35  .mgL  pad    +  0.5  mg/L  LT25  +1.0  mg/L  CI2 

4 

35  mg/L  pad  +  0.5  mg/L  LT25  +2.0  mg/L  CI2 

5 

6 

OBSERVATIONS 

JAR 

1 

medium  sized  fluffy,  floe,  smaller  than  pad  floe 

2 

similar  to  #1 

3 

very  large  fluffy  floe,  settled  quickly  and  completely 

4 

similar  to  jar  #3 

5 

6 

CHEMICAL  ANALYSIS 

SUPERNATANT 

FILTR/J 

TE 

JAR 

TURB 

COLOUR 

TURB 

COLOUR 

AL 

ALK 

PH 

1 

.30 

3 

.28 

2 

.087 

2 

.36 

3 

.30 

2 

.098 

3 

.20 

4 

.19 

3 

.073 

4 

.23 

6 

.21 

4 

.049 

5 

6 

units 

FTU 

TCU 

FTU 

TCU 

mg/L 

mg/L 

• 

CHLOR 

INE  RESIDUALS 

FILTRATION  INDEX 

MARBLE  TESTS 

PRE-CHLOWNATION 

POST -FILTRATION 

POST-CHLOfaNATION 

DISTILLED 

FREE 

TOTAL 

FREE 

TOTAL 

FREE 

TOTAL 

TIME 

INDEX 

PREPH 

POST  PH 

CHANGE 

1 

0.99 

1.67 

.08 

.045 

.86 

1.10 

2 

1.02 

1.38 

3 

1.01 

1.64 

.32 

.83 

1.18 

1.6 

4 

.85 

1.13 

5 

6 

units 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

minutes 

• 

* 

■ 

* 

COMMENTS                                                             *  -  dimensionless 
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TABLE  5.4     KENORA  RAW  AND  TREATED  WATER  QUALITY 


PARAMETER 

raw 

alum 

alum 

pad 

pad 

UNITS 

Alkalinity 

52 

22 

20.0 

35.0 

32.0 

mg/L 

Nitrate 

0.2 

0.3 

0.2 

0.3 

0.2 

mg/L 

Fluoride 

<.01 

0.4 

0.4 

<.01 

0.5 

mg/L 

Chloride 

2.50 

7.60 

4.80 

17.6 

14.6 

mg/L 

Sulfates 

5.0 

33.3 

33.2 

7.0 

7.8 

mg/L 

Hardness 

50.9 

52.2 

53.4 

49.5 

53.2 

mg/L 

Carbonate 

0.551 

0.261 

0.134 

0.200 

0.179 

mg/L 

Bicarbonate 

51.4 

21.7 

19.8 

34.8 

31.8 

mg/L 

Calculated  TDS 

59.9 

81.3 

73.9 

72.6 

66.4 

mg/L 

Saturation  pH 

8.76 

9.11 

9.14 

8.94 

8.94 

mg/L 

Langelier  Index 

<0 

<0 

<0 

<0 

<0 

mg/L 

Calculated  Cond. 

117 

157 

144 

148 

137 

Colour 

17.0 

1 

3 

3 

4 

Conductivity 

107 

152 

141 

142 

136 

umho/cm 

Aluminum 

0.057 

.078 

.060 

.063 

.051 

TCU 

Copper 

0.25 

.006 

.016 

.013 

.004 

umho/cm 

Iron 

.119 

.009 

.046 

<.005 

.009 

mg/L 

Manganese 

.014 

<.001 

.003 

.001 

.002 

mg/L 

Zinc 

.016 

.017 

.016 

.013 

.012 

mg/L 

Magnesium 

4.52 

4.51 

4.59 

4.42 

4.67 

mg/L 

Potassium 

<1 

<1 

<1 

<1 

<1 

mg/L 

Silicon 

.0559 

.0511 

0.531 

0.474 

0.462 

mg/L 

Sodium 

3.31 

7.75 

5.46 

7.86 

5.61 

mg/L 

Calcium 

12.9 

13.5 

13.8 

12.5 

13.6 

mg/L 

Lead 

<.002 

<.002 

<.002 

<.002 

<.002 

mg/L 

Ammonia-N 

0.07 

<.05 

<.05 

<.05 

<.05 

mg/L 

Nitrite 

<0.1 

<0.1 

<0.1 

<0.1 

<0.1 

mg/L 

pH 

8.03 

8.08 

7.83 

7.76 

7.75 

orthophosphate 

0.020 

0.012 

0.012 

0.014, 

0.013 

mg/L 

Total  Organic 

8.3 

4.4 

4.0 

5.4 

5.0 

mg/L 

Turbidity 

2.5 

0.8 

0.8 

0.6  ! 

0.7 

mg/L 

Total  THMS 

95 

46 

120' 

44 

ug/L 

Generally,  all  treatments  produced  a  finished  water  in  compliance  with  the  ODWO.  Relative 
floe  quality  was  similar  to  that  observed  in  preliminary  jar  tests. 

5.3.5     Trihalomethanes 

A  five  day  trihalomethane  formation  potential  test  was  performed  on  the  raw  water.  This 
resulted  in  a  total  trihalomethane  potential  of  580  ug/L. 

A  one  day  formation  potential  test  was  performed  on  the  four  filtered  water  samples  generated 
by  treatments  applied  in  final  run  jar  tests.  Table  5.5  summarizes  the  effects  of  pre  and/or  post 
chlorination. 

TABLE  5 . 5      Trihalomethane  formation  ( ug/L) 


ALUM  PRE 
&POST 

ALUM 

POST 

ONLY 

PACL  PRE 
&POST 

PACL 
POST 
ONLY 

TOTAL  TRIHALOMETHANES 

95 

46 

120 

44 

CHLOROFORM 

93 

43 

120 

41 

BROMODICHLOROMETHANE 

2.1 

2.6 

3.5 

2.5 

DBROMOCHLOROMETHANE 

ND 

ND 

ND 

ND 

BROMOFORM 

ND 

ND 

ND 

ND 
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5.3.6     Threshold  Odour  Tests 

Threshold  odour  tests  were  performed  on  raw  water  samples  as  well  as  treated  water  samples 
that  contained  a  range  of  chlorine  dosages.  Standard  methods  for  threshold  odour  tests  were 
used  and  a  panel  of  four  people  employed.  No  discernible  odours  were  detected  in  any  of  the 
samples. 

5.4        CONCLUSIONS 

The  current  chemicals  and  dosages  in  use  in  the  plant  can  effectively  produce  a  treated  water  in 
compliance  with  the  ODWO.  Polyaluminum  chloride  produced  a  floe  that  settled  more  quickly  and 
more  compactly  than  alum.  Changing  the  primary  coagulant  did  not  have  a  significant  effect  on  the 
trihalomethane  levels  in  the  finished  water.  However,  the  use  of  PACL  may  generate  other  beneficial 
effects  such  as  the  elimination  of  pre-treatment  alkalinity  adjustment  and  longer  filter  runs  due  to  the 
production  of  a  heavier,  more  compact  floe. 

A  coagulant  aid  is  necessary  in  the  treatment  of  this  raw  water  to  produce  a  floe  that  settles  quickly  and 
efficiently.  The  type  of  coagulant  aid  depends  on  the  primary  coagulant  selected.  The  coagulant  aid 
currently  in  use  was  identified  as  the  most  appropriate,  based  on  the  limited  number  of  coagulant  aids 
examined. 

Although  threshold  odour  tests  were  performed,  no  significant  findings  were  expected  since  the  taste 
and  odour  events  may  be  seasonal  (spring). 

Trihalomethanes  in  the  treated  water  can  be  reduced  to  acceptable  levels  by  discontinuing  the  practice 
of  pre-chlorination  for  a  trial  period  that  includes  the  seasons  when  taste  and  odour  events  have 
occurred.  In  the  event  that  taste  and  odour  problems  reoccur,  other  solutions  such  as  chloramination 
may  be  investigated. 

Dissolved  oxygen  analysis  for  the  sludge  in  the  clarifier  were  performed  during  on-site  testing,  since  it 
is  expected  that  the  odour  problem  might  be  caused  by  the  sludge  going  septic. 
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6.0        ON-SITE  PLANT  EVALUATIONS 


The  Kenora  Water  Treatment  Plant  was  visited  on  October  17,  1996  by  Heather  Broomer  of  the 
Science  and  Technology  Branch  of  MOEE  and  Bob  LeCraw  of  RAL  Engineering  Ltd.  The  intent  of 
the  visit  was: 

1 .  lower  the  level  of  THM  formation, 

2.  alter  operational  procedures  and/or  administrative  policies  if  needed. 

The  visit  consisted  of  discussing  with  the  superintendent  the  options  available  for  Kenora  Water 
Treatment  Plant  to  reduce  the  formation  of  THM.  The  options  are  summarized  as  follow: 

Stop  pre-chlorination.  This  will  lower  the  THM  formation  since  during  pre- 
chlorination, chlorine  is  added  at  a  location  where  the  level  of  organics  is  maximum, 
before  any  removal  occurs  through  the  clarifier  and  the  filter. 

•  In  the  eventuality  that  pre-disinfection  is  required  to  minimize  the  odour  problem,  the 
utilization  of  an  other  chemical  such  as  potassium  permanganate  or  chlorine  dioxide 
could  be  investigated,  as  well  as  the  possibility  to  pre-disinfect  with  chlorine  or  another 
chemical  during  the  spring  only,  when  the  odour  problem  is  at  its  worst. 

•  Continue  pre-chlorination  but  begin  chloramination  for  post-disinfection. 

The  practice  of  pre-chlorination  has  been  established  for  a  long  time  in  Ontario.  It  appears  however 
that  this  practice  should  be  re-examined  for  many  plants  facing  THM  problem.  A  certain  level  of  pre- 
oxidation  of  the  raw  water  may  be  required  to  improve  the  overall  process  performance  for  some 
plants,  but  this  is  not  the  case  for  Kenora.  Most  of  the  time,  pre-chlorination  is  performed  to  reduce 
biological  fouling  on  the  equipment  and  more  specifically  on  the  filter.  However,  performing 
intermittent  chlorination  on  an  as-needed  basis  instead  of  pre-chlorinating  on  a  continuous  basis  will 
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have  a  great  impact  on  reducing  the  level  of  THM  formation.  Verifying  the  initial  head  loss  after  filter 
backwash  would  help  determine  when  it  is  time  for  shock  chlorination  of  the  filter.  Biological  fouling 
and  formation  of  mud  balls  in  the  media  will  increase  the  initial  filter  head  loss  over  time. 

Dissolved  oxygen  analysis  for  the  sludge  in  the  clarifier  was  performed  during  the  last  plant  visit.  The 
results  show  that  the  oxygen  content  in  the  sludge  is  almost  as  high  as  the  dissolved  oxygen  in  the 
clarifier.  Odour  caused  by  the  sludge  going  septic  is  therefore  not  expected  to  occur. 

The  Ear  Falls  Water  Treatment  Plant  is  a  good  example  where  the  level  of  THM  was  greatly  reduced 
by  stopping  pre-chlorination.  The  Ontario  Clean  Water  Agency  (OCWA)  staff  for  Ear  Falls 
implemented  this  process  change  in  October,  1995  when  they  were  made  aware  of  the  THM  issue. 
Pre-chlorination  was  previously  done  to  avoid  growth  on  the  Ecodyne  filter.  Recent  THM  analysis 
indicates  the  levels  are  well  below  the  ODWO  guideline. 

It  was  suggested  to  the  Ear  Falls  staff  that  the  only  consequence  of  this  change  may  be  a  tendency  for 
the  filters  to  foul  more  readily.  If  this  were  to  occur,  periodic  shock  chlorination  could  be  practiced 
during  backwash  procedure  to  kill  any  microbial  growth.  A  telephone  conversation  in  the  fall  1996 
with  the  superintendent  indicated  that  after  stopping  pre-chlorination  for  more  than  one  year,  no 
operational  problem  has  been  noticed.  There  is  no  appearance  of  mud  ball  formation  in  the  filter  and  no 
reduction  of  its  performance  has  been  recorded.  There  was  no  need  to  perform  shock  chlorination  of 
the  filter  during  the  first  year. 

The  Kenora  superintendent  agreed  to  stop  pre-chlorination  due  to  the  simplicity  of  the  approach  and 
also  considering  the  potential  saving  of  up  to  25%  in  operation  costs  associated  with  chlorine.  The 
plant  stopped  pre-chlorination  in  October,  1996,  and  there  have  been  no  complaints  with  taste  and 
odour  since  then. 
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6.1        FOLLOW-UP  TESTING 

Follow-up  sampling  of  the  raw  and  the  treated  water  was  performed  in  November,  1996  to  evaluate 
the  impact  of  stopping  pre-chlorination  versus  THM  formation.  The  results  of  the  analysis  performed 
by  Novamann  are  presented  in  Table  6.1.  The  operational  data  collected  at  the  plant  during  the 
sampling  day  such  as  average  daily  flow,  turbidity,  raw  water  temperature,  chemical  dosages  and 
residuals  are  presented  in  Table  6.2. 

The  results  show  that  the  treated  water  turbidity  is  0.6  NTU  (Table  6.2),  the  colour  in  the  treated  water 
varied  between  1  and  2  TCU,  and  the  THM  for  samples  in  the  distribution  system  ranged  from  3 1  to 
33  ug/L,  which  is  well  below  the  ODWO  guideline. 

It  is  important  to  mention  that  the  level  of  THM  in  November  is  normally  lower  than  the  level  found 
during  the  summer.  The  THM  levels  from  the  Drinking  Water  Surveillance  Program  in  December 
1994  and  1995  were  99  and  104  iag/L  respectively.  Arrangements  will  be  made  with  Novamann 
laboratories  to  provide  additional  water  testing  of  the  raw  water  (turbidity,  colour,  pH  alkalinity  and 
TOC),  the  treated  water  (turbidity,  colour,  pH  alkalinity,  TOC,  THM  and  aluminum),  and  the 
distribution  system  (colour,  TOC  and  THM)  for  1997.  Additional  monitoring  will  be  necessary  to 
evaluate  if  plant  performances  are  in  compliance,  to  measure  the  impact  of  stopping  pre-chlorination, 
and  also  to  monitor  potential  problems  related  to  taste  and  odour  formation  during  the  spring. 
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7.0        CONCLUSIONS 


Based  on  July  and  August  1996  sampling,  the  average  THM  values  for  the  treated  water  and  the 
distribution  system  is  164  ug/L  and  133  ug/L  respectively.  The  results  are  not  in  compliance  with 
the  ODWO  of  100  ug/L  for  THMs  in  treated  water.  Follow-up  sampling  of  the  water  was 
performed  in  November,  1996,  to  evaluate  the  impact  of  stopping  pre-chlorination  versus  THM 
formation.  The  results  indicated  that  THM  for  samples  in  the  distribution  system  ranged  from  3 1  to 
33  ug/L,  which  is  well  below  the  ODWO  guideline  For  comparison,  DWSP  THMs  in  December 
1994  and  1995  were  approximately  100  ug/L  in  unquenched  treated  samples  compared  to  an 
average  of  47  ug/L  in  December  1996  from  Novamann  samples.  In  post-chlorine  only  mode,  it  is 
expected  that  THM  levels  will  be  below  100  ug/L  on  an  annual  average. 

The  inactivation  of  giardia  cysts  during  cold  water  can  not  be  achieved  under  existing 
operational  conditions.  A  free  chlorine  residual  (3  mg/L)  would  be  required  during  the  winter 
and  early  spring,  under  the  actual  condition  where  the  plant  is  operated  approximately  18 
hours  per  day.  Such  a  high  chlorine  residual  could  generate  many  complaints  from  the 
community  related  to  chlorine  taste  and  odour.  A  high  chlorine  dosage  can  also  produce  THM 
in  excess  of  the  ODWO  of  100  ug/L. 

If  the  soda  ash  injection  point  for  post  pH  adjustment  is  relocated  at  the  high  end  of  the 
clearwell,  and  the  plant  is  operated  24  hours  per  day  during  the  winter,  the  free  chlorine 
residual  required  is  lower  (1.3  mg/L).  It  is  therefore  recommended  to  increase  the  hours  of 
operation  to  a  full  day  during  the  winter.  However,  the  chlorine  residual  required  is  still  high 
and  will  present  a  risk  for  taste  and  odour  problem,  as  well  as  the  possibility  to  form  high 
levels  of  THM.  To  minimize  these  effects,  it  is  recommended  to  add  baffles  in  the  clearwell  to 
maintain  a  reasonable  level  of  free  chlorine  in  the  treated  water  (0.7  mg/L). 
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•  The  summer  sampling  showed  an  average  turbidity  in  the  raw  water  of  1 .  13  NTU,  and  an  average 
turbidity  in  the  treated  water  of  0.05  NTU.  Disease  outbreaks  caused  by  gjardia  and 
Cryptosporidium  have  been  reported  with  increased  frequency  over  the  last  decade  in  Canada 
These  protozoan  parasites  (especially  Cryptosporidium)  are  more  difficult  to  kill  with  disinfectants, 
and  therefore  their  removal  by  physical  processes  is  vital.  Current  US  research  and  experience  now 
indicates  that  a  turbidity  of  0.1  NTU  in  filter  effluent  is  needed  to  provide  protection  from 
Cryptosporidium.  The  Kenora  plant  is  performing  well  for  turbidity  removal. 

•  Based  on  historical  data  for  1994  and  1995,  the  aluminum  residual  in  the  treated  water  ranges  from 
26  to  65  ug/L,  which  is  lower  than  the  ODWO  of  1 00  ug/L. 
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8.0        RECOMMENDATIONS  FOR  PLANT  SCALE  MODIFICATIONS 

•  The  Kenora  Water  Treatment  Plant  is  well  operated  and  maintained.  The  process  modifications 
recommended  relate  to  stopping  pre-chlorination,  relocating  the  soda  ash  injection  point  at  the 
high  end  of  the  clearwell,  add  baffles  to  the  clearwell  and  extend  the  operation  of  the  plant  to  a  full 
day  during  the  winter  to  lower  the  required  free  chlorine  residual  for  inactivation  of  giardia  cysts.  A 
trial  period  of  no  pre-chlorination  began  in  October  1996,  and  will  be  continued  until  a  problem 
appears  that  would  indicate  a  pre-oxidant  is  required. 

•  If  taste  and  odour  problems  re-appear  there  are  several  possible  options.  These  are: 

•  Pre-chlorine  addition  can  be  done  on  a  short  term  basis  during  the  most  critical  period. 

•  Use  of  an  alternate  pre-oxidant  such  as  potassium  permanganate  or  chlorine  dioxide. 

•  Use  of  free  pre-chlorine  in  combination  with  post-chloramination.  This  would  require  the 
addition  of  ammonium  sulfate  to  the  water  at  the  high  lift  pumps. 

•  The  Kenora  plant  is  achieving  the  present  study  objective  with  a  plant  effluent  turbidity  of  0. 1  NTU 
or  less  to  provide  protection  against  cysts  and  oocysts  such  as  giardia  and  Cryptosporidium. 
Although,  the  plant  and  staff  have  demonstrated  the  ability  to  achieve  this  low  turbidity,  there  has 
been  a  difficulty  in  maintaining  this  high  level  of  treatment.  This  is  likely  due  to  the  frequent  starts 
and  stops  the  plant  experiences.  The  location  of  the  standpipes  and  the  relatively  small  size  of  the 
clearwell  does  not  currently  take  best  advantage  of  this  storage.  It  is  therefore  recommended  that  a 
new  control  system  be  installed  that  will  allow  the  effective  use  of  the  equalization  of  all  three 
standpipes. 

The  required  control  wire  connections  are  all  in  place,  therefore  this  up-grade  would  only  require  a 
basic  Programmable  Logic  Controller  (PLC)  with  the  necessary  programming  and  rewiring  in  the 
plant.  The  plant  superintendent  indicated  there  was  consideration  being  given  to  a  complete  plant 
instrumentation  and  control  up-grade  which  could  then  include  this  function. 
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The  MOEE  recognizes  the  importance  of  running  the  plant  at  a  steady  state  to  insure  adequate 
water  quality.  However,  considering  that  the  objectives  of  the  present  study  are  met  by  using  the 
existing  equipment,  the  MOEE  believes  that  Kenora  is  capable  of  assuming  this  cost. 

One  option  available  to  help  minimize  the  deterioration  of  the  treated  water  quality  due  to  frequent 
plant  starts  and  stops,  is  to  investigate  the  possibility  of  running  filter  to  waste  at  start-up,  thus 
minimizing  plant  upsets.  Monitoring  of  the  filtered  water  turbidity  would  help  determine  if  the  filter 
to  waste  practice  is  desirable. 
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9.0        COST  ESTIMATE  FOR  IMPLEMENTATION 


There  is  no  capital  cost  associated  with  the  discontinuation  of  pre-chlorination.  Instead,  there  would  be 
an  operational  saving  in  the  reduced  chlorine  consumption.  The  extent  of  this  saving  will  be  determined 
from  operating  experience  but  could  amount  to  a  25%  reduction  in  chlorine  consumption. 

The  cost  estimate  for  the  installation  of  baffles  in  the  clearwell  is  $  8,000 

For  the  Town's  information,  the  addition  of  the  PLC  with  the  control  program  and  the  change  over  in 
wiring  is  estimated  to  cost  SI 5,000. 
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GLOSSARY  AND  LIST  OF  ABBREVIATIONS 


Alum 
CT 


d 

°C 

DWSP 

ECRieagent 

FID 

ft 

G 

Gt 

GC/MS 

GAC 

g 
h 

HFS 
ICP 
IG 
kW 

L 

L/cap.d 

L/s 

m 

m2 

m5 


:  aluminum  sulphate 

:  Value  required  to  achieve  adequate  inactivation  and/or  removal  of  cysts  and 
viruses.  T  is  the  time  (in  minutes)  it  takes  the  water  during  peak  hourly  flow, 
to  move  between  the  point  of  disinfectant  and  a  point  where  C,  the  residual 
disinfectant  concentration  (mg/L),  is  measured  prior  to  the  first  customer. 

day 

degree  Celsius 

Drinking  Water  Surveillance  Program 

Eriochrome  Cyanine  R 

Flame  Ionization  Detector 

foot 

flocculation  energy  gradient 

flocculation  energy 

Gas  Chromatograph  /  Mass  Spectrometry 

Granular  Activated  Carbon 

gram 

hour 

hydroxylated  ferric  sulphate  (Ferriclear) 

Inductively  Coupled  Plasma  Atomic  Emission  Spectoscopy 

imperial  gallon 

kilowatt 

litre 

litres  per  capita  per  day 

litres  per  second 

metre 

square  metres 

cubic  metres 


m3/d 
m/h 

Hg/L 

mg/L 

mm 

mL/min 

min 

NTU 

OCWA 

ODWO 

% 

PACL 

PVC 

lb 

rpm 

SOR 

SWTR 


TOC 

THMs 

TCU 

w/v 


:  cubic  metres  per  day 

:  metres  per  hour  (equivalent  m3/m2.h  -  filtration  rate) 

:  micrograms  per  litre 

:  milligrams  per  litre 

:  millimetre 

:  millilitres  per  minute 

:  minute 

:  Nephelometric  Turbidity  Unit 

:  Ontario  Clean  Water  Agency 

:  Ontario  Drinking  Water  Objective 

:  percent 

:  polyaluminum  chloride 

:  polyvinyl  chloride 

:  pound 

:  revolution  per  minute 

:  Surface  Overflow  R.ate 

:  Surface  Water  Treatment  Rule 

:  This  factor  describes  the  baffling  condition  in  the  clearwell,  and 

represents  the  ratio  between  Tio,  which  is  the  time  it  takes  10 

percent  of  a  dye  or  tracer  to  be  detected  at  the  basin  outlet  after  it 

is  injected  into  the  basin  influent  flow,  and  the  theoretical  detention 

time  for  plug  flow  in  pipelines  and  flow  in  a  completely  mixed 

chamber. 

:  Total  Organic  Carbon 

:  Trihalomethanes 

:  True  Colour  Unit 

:  weight/volume 
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Plant  Survey 
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PLANT:    KENORA  REGIONAL  WATER  TREATMENT  PLANT 

Shipping  Address:  No  9  -  7th  Street  South,  Kenora,  Ontario,  P9N  1P3 
Tel:  (807)  467-2101  Fax:  (807)  467-2138 


PREPARED  BY:  RAL 


DATE:  Plant  visit:  June  4,  1996 


STAFF: 

•  Superintendent:  Mr.  Rick  Perchuk 

•  No.  of  Operators:  3 

•  Hours  of  Operation  with  Staff:  8  h/d,  7  d/week 


Names  of  Operators: 
Ed  Smorong,  Senior  Operator 
Jim  Campbell  and  Bill  Lecain 

»  Certified  Y/N:  One  operator 


PLANT  CAPACITY: 

•  Average  Daily  Flow:  7,840  m3/d  (1.72  MIGD) 

•  Maximum  Daily  Flow:  13,800  m3/d  (3  MIGD) 

•  Rated  Plant  Capacity:  26,000  m3/d  (5.75  MIGD) 

•  Population  Served:  13,500 

(Kenora,  Keewatin  and  Jaffray  Melick  Township) 

•  Average  Daily  Flow  per  Capita:  580  L/pers.d 


OPERATING  AUTHORITY: 

Town  of  Kenora 


YEAR  OF  CONSTRUCTION:  1979 


SOURCE  OF  RAW  WATER:  Lake  of  the  Woods 


RAW  WATER  CHARACTERISTICS: 

•  Colour:         20  to  40  TCU  •  Alkalinity:     37  to  50  mg/L 

•  Turbidity:     0.2  to  3  mg/L 

•  pH:  7.4  to  8.1 


CHEMICALS: 

•  Coagulant: 


Type:  Liquid  alum 

Dosage:  57  to  60  mg/L  (Summer),  58  to  64  mg/L  (Winter) 

Injection  Point:  Inline  blender  on  the  raw  water  line 


•  Coagulant  Aid: 


Type:  LT  22  during  the  summer  and  LT  24  during  the  winter 

Dosage:  0.57  mg/L  LT  22 

Injection  Point:  Inline  blender  on  the  raw  water  line 


•  Alkalinity/pH  Adjustment:   Chemical  Used:  Soda  ash 

Dosage:  25-36  mg/L 

Injection  Point:  Before  the  rapid  mix  and  in  the  clearwell 

•  Disinfection:  Type:  Chlorine  gas 

Dosage:  5  mg/L 

Injection  Points:  Pre-chlorination:  raw  well  (3.7  mg/L  -  Summer) 
Post-chlorination:  Clearwell  (1.5  mg/L  -  Summer) 


•  Fluoridation: 


Chemical  used:  Sodium  silicofluoride  -  60% 
Dosage:  1.2  mg/L 
Injection  Point:  Clearwell 


ANALYSIS  DONE  AT  THE  LAB: 

•  Chlorine                    •  Turbidity 

•  Fluoride                    •  Colour 

•  Aluminum                 •  pH 

LAB  EQUIPMENT  AVAILABLE: 

•  Jar  test 

•  Hach  DR  2000  Spectrophotometer 

•  pH  meter 

PROCESS  CONFIGURATION: 

CHEMICALS  METERING: 

TYPE              CAPACITY 

•  Alum:            2  BIF               2.37  m3/d 

metering  pumps  (1.65  L/min) 

CONTROL                  CONDITION 

Raw  water  flow            Good 

•  Coagulant  Aid:  BIF  pump 
LT  22,  LT  24 

Raw  water  flow           Good 

•  Soda  ash:       »1  dry  feeder    0.71  m7h 

•2  BIF  1 1.6  m3/d  (8.1  L/min) 
metering  pumps 

Raw  water  flow           Good 

•  Chlorine  gas:    1  tonne  cylinders  and  2  Advance  chlorinators 

•  Pre-chlorination:                                                  •  4-20  mA  signal         Good 

from  raw  water  flow 

•  Post-chlorination:                                                   •  4-20  mA  signal  from 

filter  flows  and  chlorine 
residual  analyzer 

•  Fluoridation: 

•  1  W&T          45.4  kg/d                     Plant  flow 
dry  feeder 

•  1  Worthington   0.6  L/s  (36  L/min)     Plant  flow 
pump 
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PLANT  CONTROL: 


•  Flow  (Manual  Set/ Auto):  Auto  flow  standpipe  level. 


Level:  Water  levels  in  the  standpipe  control  high  lift  pumps.  Water  levels  in  the  clearwell 

control  filter  flows.  The  level  in  the  clarifier  controls  the  raw  water  flow  and  the 
pump  selection. 


PROCESS  MONITORING: 

INSTRUMENT 


•  Turbidity: 

•  pH: 


•  Colour: 


Fluoride: 


Hach  1720C 


Lab  (pH  meter)  Daily 


•  Free  Chlorine  Capital  Control  Continuous 

Residual:  1820 


MONITORING 
FREOUENCY 

LOCATION     NOTES 

Continuous 
On-line 

Plant  effluent 

•  Raw  water 

•  Plant  effluent 

IOUS 

On-line 

•  Plant  effluent 

•  Clearwell 

•  Total  Chlorine 
Residual: 

Not  analyzed 

•  Temperature: 

Laboratory 

•  Aluminum 
Residual: 

DWSP 

Lab 
DR2000 

Lab 

DR2000 


Daily 

Raw  water 

Every  3  months 

Plant  effluent 

Daily 

Plant  effluent 

Daily 

Plant  effluent 

ISSUES: 

•  High  THM  (134  to  169  u-g/L)  from  June  to  September  1994  and  1995. 

•  Presence  of  bacteria  in  the  Keewatin  distribution  system  was  found  due  to  low  chlorine 
residual. 

•  The  Kenora  Water  Treatment  Plant  is  having  some  taste  and  odour  problem.  The  problem  is 
accentuated  during  spring  time.  It  is  suspected  that  the  odour  might  be  caused  by  the  sludge 
turning  septic  in  the  clarifier.  This  was  never  confirmed 

•  Optimization  of  THM  removal  should  include: 

Stop  pre-chlorination. 

Check  the  possibility  to  use  another  chemical  than  chlorine  for  pre-chlorination. 

Jar  testing  will  include  trying  different  level  of  chlorination  to  evaluate  the  impact  on 

odour  formation  (threshold  odour  tests). 

Evaluation  of  CT  to  see  if  chloramination  is  possible. 


Off-Site  Treatability  Testing 
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MOEE  STB  WWO  TREATABILITY  STUDIES 

table  B.i    Kenora  Treatability  Study 

OBJECTIVE:   Optimize  alum  dosage  with  polyelectrolyte  coagulant  aid 

DATE:  July  29,  1996  SAMPLE  VOLUME:  2000  mL 


RUN#       1 


CHEMICAi  DOSAGES  (MG/U. ... 

JAR 

alum 

LT22 

1 

30 

0.5 

2 

40 

0.5 

3 

50 

0.5 

4 

60 

0.5 

5 

70 

0.5 

6 

80 

0.5 

OBSERVATIONS 

1 

barely  visible  pinfloc 

2 

small,  fluffy,  coloured  floe 

3 

similar  to  #2  but  more  compact 

4 

small   to  medium-sized,  coloured,  fairly  compact  floe 

5 

large,  compact,  coloured  floe 

6 

similar  to  #5;  little  larger 

CHEMICAL  ANALYSIS 

SUPERNATANT 

FILTRATE 

Turbkfity          Colour 

tH 

Alkalinity 

TurfaUty 

Colour 

PH 

Alkalinity 

Aluminum 

Iron 

1 

-- 

~ 

- 

" 

~ 

2 

1.22 

21 

0.43 

8 

.125 

3 

0.94 

24 

0.45 

6 

.108 

4 

0.90 

23 

0.50 

5 

.122 

5 

1.07 

8 

0.20 

2 

16 

.081 

6 

1.10 

20 

0.20 

<5 

14 

.044 

Fill 

TCU 

-few* 

aa/l 

nu 

TCU 

Mm mtm 

man. 

man. 

man. 

comments 

■  ■■:■•■•  :■'■:•:■•>■:■■:•.:■■'  ■■::•:■  y-y.r.yy.  yy 

Optimum  alum  dosage  --  70  mg/L 

MOEE  STB  WWO  TREATABILITY  STUDIES 

TABLE  B.2    Kenora  Treatability  Study 

OBJECTIVE:    Optimize  polyaluminum  chloride(pacl)  dosage  with  coagulant  aid 

DATE:  July  29,  1996  SAMPLE  VOLUME:  2000  mL 


RUN  # 


CHEMfCAL  DOSAGES  IMG/U 

••:; 

JAR 

pad 

LT22 

1 

20 

0.5 

2 

25 

0.5 

3 

30 

0.5 

4 

35 

0.5 

5 

40 

0.5 

6 

45 

0.5 

iMSERVATfONS 

x^Sxwitt 

1 

small,  barely  visible  pinfloc 

2 

small,  little  larger  floe  and  more  visible  than  #1 

3 

small  to  medium-sized  fluffy  coloured  floe 

4 

medium  sized  fluffy  floe 

5 

similar  to  jar  #4 

6 

similar  to  jar  #5  but  more  compact 

CHEMtCAL  ANALYSIS 

____. — 

^^m&nHH 

SUPERNATA 

MT 

FILTRATE 

Turbidity 

Colour 

pH 

Alkalinity 

Turbidity 

Colour 

pH 

Alkalinity 

Aluminum 

Iron 

1 

-- 

-- 

- 

-- 

" 

- 

2 

- 

~ 

- 

~ 

- 

-- 

3 

0.45 

8 

0.35 

6 

- 

0.49 

4 

0.42 

6 

0.34 

5 

-- 

0.45 

5 

0.49 

5 

0.37 

5 

35 

0.45 

6 

0.35 

5 

0.28 

4 

32 

0.54 

FIU 

TCO 

-ten 

mg/l 

FTU 

TCU 

M—alM 

mg/l 

mg/L 

mg/L 

COMMENTS 

optimum  dosage  35  mg/L 

MOEE  STB  WWO  TREATABILITY  STUDIES 

TABLE  B.3    Kenora  Treatability  Study 
OBJECTIVE:    Optimize  Ferriclear  dosage 
DATE:  July  29.1996 


SAMPLE  VOLUME: 


2000  mL 


RUN# 


CHEMICAL  OOSAOES  tMGIU 

JAR 

FC 

LT20 

1 

20 

0.5 

2 

30 

0.5 

3 

40 

0.5 

4 

50 

0.5 

5 

60 

0.5 

6 

70 

0.5 

OBSERVATIONS 

1 

small,  barely  visible  pinfloc 

2 

similar  to  jar  #1;  somewhat  cloudy  appearance 

3 

small,  fluffy  floe 

4 

small  to  medium-sized  floe,  fluffy,  loose 

5 

medium-  sized  fluffy  floe,  slow  to  settle,  some  floaters 

6 

similar  to  jar  #5,  little  larger 

CHEMICAL  ANALYSIS 

SUPERNATANT 

FILTR/S 

TE 

TurbkSty 

Colour 

pH 

Alkalinity 

TurbkSty 

Colour 

pH 

AlkabutY 

Aluminum 

Iron 

1 

~ 

~ 

- 

~ 

- 

2 

- 

- 

- 

- 

" 

3 

__ 

- 

- 

- 

- 

4 

1.18 

22 

0.60 

11 

" 

5 

0.59 

8 

0.40 

5 

- 

6 

0.80 

10 

0.49 

5 

8 

FTU                   TCU 

OtMMfctfl 

ngA 

FTU 

TCU            «----,    ;        ^ 

maA                  "mA. 

COMMENTS 

MOEESTB  WWO  TREATABILITY  STUDIES 

TABLE  B.4    Kenora  Treatability  Study 

OBJECTIVE:    Examine  different  polyelectroiyte  coagulant  aids  with  alum 

DATE:  July  30,  1996  SAMPLE  VOLUME:  2000  mL 


RUN  # 


CHEWBCAtodSASES  HVK3/U 

JAR 

alum 

LT22 

8170 

LT20 

233N 

LT25 

LT24 

1 

70 

0.5 

- 

- 

- 

- 

-- 

2 

70 

- 

0.5 

- 

- 

~ 

- 

3 

70 

- 

- 

0.5 

- 

~ 

-- 

4 

70 

~ 

- 

- 

0.5 

- 

- 

5 

70 

~ 

~ 

- 

- 

0.5 

- 

6 

70 

- 

- 

~ 

- 

- 

0.5 

:.:'...'---'.                                                                                                                                           : 

i  observation 

; 

1 

medium  to  large  sized  compact  floe;  clear  supernatant  after  sedimentation 

2 

small,  fluffy  floe;  cloudy  appearance 

3 

small,  fluffy  floe;  cloudy  appearance 

4 

similar  to  #3,  more  compact 

5 

sticky;  probably  an  overdose 

6 

very  large  fluffy  floe;  little  sticky;  may  be  ok  with  lower  dosage 

mmsimmmmmsm 

SUPERNATA 

MT 

FILTRATE 

Turbidity 

Colour 

pH 

Alkalinity 

Tutbtdrty 

Colour 

pH 

Alkalinity 

Aluminum 

Iron 

1 

0.52 

5 

0.18 

2 

.038 

2 

0.58 

5 

0.18 

2 

.051 

3 

0.64 

6 

0.19 

3 

.056 

4 

0.61 

5 

0.40 

4 

.160 

5 

0.45 

6 

0.33 

5 

.033 

6 

0.67 

5 

0.12 

3 

.023 

FTU 

TCU 

mg/l 

FTU 

TCU 

4.»t 

mfll 

mg/L 

mgA 

COMMENTS 

MOEESTB  WWO  TREATABILITY  STUDIES 

TABLE  B.5     Kenora  Treatability  Studies 

OBJECTIVE:    Examine  different  polyelectrolyte  coagulant  aids  with  Pad 

DATE:   July  30,  1996  SAMPLE  VOLUME:  2000  m: 


RUN  # 


CHER 

flICALE 

iQSAGE 

S  IMGiU 

JAR 

pad      LT22     8170  ,  LT20 

233N 

LT25 

LT24 

1 

35 

0.5 

- 

- 

- 

- 

- 

2 

35 

- 

0.5 

- 

- 

- 

- 

3 

35 

- 

- 

0.5 

- 

- 

- 

4 

35 

- 

- 

- 

0.5 

-- 

- 

5 

35 

- 

- 

- 

- 

0.5 

- 

6 

35 

- 

- 

- 

~ 

- 

0.5 

OBSmVATiONS 

1 

small,  fluffy,  coloured  floe 

2 

small,  fluffy,  coloured  floe 

3 

small,  fluffy,  coloured  floe 

4 

small,  fluffy,  coloured  floe 

5 

medium  sized,  fluffy,  coloured  floe 

6 

large,  fluffy,  coloured  floe 

I  CHEMICAL  ANALYSIS 

■ 

SUPERNATANT 

FILTRATE 

TurtAiry 

Colour       j           pH 

AJMinrrr 

Tirtk*ty 

Colour 

pH                AJkaimiry         AJumtnurr              Iron 

1 

0.45 

7 

0.41 

5 

.037 

2 

0.37 

6 

0.37 

6 

.045 

3 

0.50 

5 

0.29 

5 

.046 

4 

0.44 

5 

0.39 

5 

.057 

5 

0.52 

6 

0.19 

5 

.037 

6 

0.44 

7 

0.21 

6 

.060 

FTU                     TCU 

FTU                     TCU           [     P*'."*BW     !          m^X                     ng/L                    ■!& 

ICOMMENTS 


Evaluation  of  Residual  Chlorine  Concentration 
for  Inactivation  of  Giardia  Cvsts 
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Appendix  D 
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.  MINISTRY  OF  THE  ENVIRONMENT      ':      R  '  '  ^  ~  '  v- 

WATER   WORKS   APPROVAL^/   *J 


WtytVZiiS PROVINCE    OF   ONTARIO- 

[lias  applied  i"  accordance  with  Section  H  of  The  Ontario  Water  Resources  Act  for  approval  of:  - 

tha  construction  of  the  SLenora  Regional  Water  Treatment  Plant 
(Project  Ho.  5-0223)  to  be  located  on  the  south  side  of  Seventh 
I Street  approximately  400  feet  west  of  First  Avanue  in  the  Town 
I  of  Kenora  to  service  the  Town  of  Keuora,  the  Town  of  Keewatin 
and  the  Township  of  Jaf fray-Melick  with  a  capacity  of  5.56  IMGO 
jand  consisting  of  the  construction  of:- 

■-a  new  low  lift  pumping  staticca  c/w  new  intake  chamber  for  t-ho 
existing  intake  pipes j  manually  cleaned  raw  water  screens; 
provision  far  the  future  installation  of  mechanically  cleaned 
travelling  screens;  and  the  installation  of  three  (3)  2  000  IGPM 
vertical  turbine  raw  water  lovr  lift  pumps  c/w  40  HP  motors i    raw 
water  turbidity  monitoring  equipment  and  all,*necessary  appurtenances 
and  controls; 

-pre-treatment  (clarification)  facilities  consisting  of  two  (2) 
up- flow  type  clarifiars  each  measuring  32*-6"  x  55 '-6"  (design 
rise  rate  ■  1.0  IGPM/sq.  ft.)  c/w  raw  water  distribution  piping; 
clarified  water  collector  piping;  a  two  stage  flocculation  tank 
c/w  a  3.0  HP  mechanical  agitator;  a  vacuum  chamber  c/w  two  (2) 
5  inch  diameter  vacuum  breaker  valves;  two  (2)  safety  syphon 
assemblies;  three  (3)  2  05  cfs  vacuum  pumps  with  3.0  HP  motors;  a 
sludge  extraction  system;  provision  for  the  future  installation 
of  tube  settlers  and  all  necessary  appurtenances  and  controls; 

^four  (4)  13*-0"  x  25,-0"  filters  (design  filter  rate  -  3.0 
■GPM/sq.  ft)  c/w  sand  and  anthracite  filter  media;  fibreglass 
*wash  water  troughs;  plastic  filter  strainers;  filter  surface  %/ash 
system;  two  (2)  3125  IGPM  horizontal  centrifugal  back  wash  water 
pumps;  filtered  water  turbidity  monitoring  and  all  necessary 
appurtenances  and  controls; 


2/ 


JiOtU     CLlj6r£t0rC    this  is  to  certify  dial  after  due  enquiry  the  said  proposed   works  have  been  approved  under 
Sic  lion  -I I  of  The  Ontario  Water  Resources  Act. 


DATED  AT  TORONTO  this  1st  day  of  September  1577 
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MINISTRY  Of  THi:  ENVIRONMENT^ 


WATER   WORKS   APPROVAL 


£)Ijerea£ 
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has  applied  in  accordance  with  Section  •  1  of  The  Ontario  Water  Resources  Act  for  approval  of:  - 

-a  high   lift   pumping    station   c/w   the   installation  of   three    (3) 
200  0   IGPH  split   case   horizontal  centrifugal   high   lift  punpfl 
(200   HP   each)    and  all  necessary  appurtenances   and   controls; 

-a  500,000   Imp.    Gallon   tvo   compartment  clearvell   c/w  chlcrination 
-\  facilities; 

-miscellaneous   tankage,    piping  and  equipment  as   follows i- 

1)  back  wash  water  outfall  and  plant  overflow   sewer; 

2)  a  100,000   Imp.    Gallon   process  waste  water   storage  tank 
(2.0  hour  settling   period)    c/vr  two    (2)    450    IGPH  vertical 
centrifugal   dry  pit   supernatant  pumps  and  one    (1)    100 
IGPH  positive   displacement  waste    sludge    (subnatant)    pump; 

3)  two    (2)    20   inch  diameter  venturi   tubes  one   for  raw  water, 
one   for  treated  water; 

4)  chemical   feed  equipment  for   sodium  silicate,    activated 
silica,   aluminum  sulphate,    sodium  carbonate,    fluoride  and 
chlorine ; 

5)  the   installation  of  a  400  Etf   standby  diesel  generator  set; 

t'~)  connection  of  the  plant  to  the  existing  wafcenaain  on  Seventh 

V„ '  Street 

all  in   accordance  with  the   final  plans  and  specifications  prepared 
by  Proctor  and  Redfera  Limited,   Consulting  Engineers,"  at  a  total 
estimated  cost,    including  land  charges,   engineering  and  contingencies, 
Of  FIVE   HILLICS,    TWO  BUHDBED  AND  EIGHTY   THOUSAND  DOLLARS    ($5,2  80,000.00) 


3i  Ou)     Ksl)£VtlOZZ    this  is  to  certify  that  after  clue  enquiry  the  said   proposed  works  have  been  approved  under 
Section  4!  of  The  Ontaiio  Water  Resources  Act. 


DATED  AT  TORONTO  this  1st  dav  of 

Ita:      Mr.    G.    Bianco,    Pro j .   Eng.    (Sr.) 
,c      \    Mr.    R.    (jotts,   A/Reg.    Dir. 

,      Proctor   I   Redfern  Ltd. 
v.-    /lr.    J.    Toth,    Design    4    Equip. 
Mr.    W.    Brink,  "  / 
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Analytical  Procedures  used  by  Novamann 


Appendix  E 


Detection  Limit  and  Analytical  Method  Reference  used  by  Novamann 


PARAMETERS 

minimum 

detection 

ltmit(mdl) 

ANALYTICAL 
METHOD 

METHOD 
REFERENCE* 

THM 

6ug/L 

Purge  &Trap  GC/MS 

EPA  624 

TOC 

0.1  mg/L 

UV/PEROX7FID 

EPA  9060 

residual  aluminum 

0.025  mg/L 

ICP 

EPA  60 10 

turbiditv 

0.1  NTU 

Turbiditv  Meter 

APHA2130 

true  colour 

1TCU 

Colourimetric 

APHA2120 

PH 

0.01 

pH  Meter 

APHA  4500H 

alkalinity 

1  mg/L  -  CaCO; 

Titration 

APHA  2320 

ammonia  +  ammonium 

0.05  mg/L 

Colourimetric 

APHA  4500 

anions  (NO?,  d,  S04,  F) 

0.1  to  0.5  ma/L 

Ion  Chromatography 

EPA  300.0 

conductivity 

1  umho 

Conductivity  Meter 

APHA  2510 

lead 

0.002  mg/L 

Graphite  Furnace 

EPA  7421 

metals 

ICP 

EPA  6010 

nitrite 

0.1  mg/L 

Colourimetric 

.APHA  4500 

orthophosphate-P 

0.005  mg/L 

Colourimetric 

APHA  4500 

Note  *  :  EPA: 
APHA: 


Environmental  Protection  Agency 
American  Public  Health  Association 


